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Part 4 
 

Developing Assumptions for Forecasting Revenues in 
Corporate and Project Finance Models through 

Applying Economic Analysis 
 

Chapter 40: The Challenging Problem of Forecasting Prices and 
Volumes in Financial Models and Using Marginal Cost Principles to 
Resolve Issues with Developing Reasonable Long-term Assumptions 
 
Valuation theory often concentrates on things like beta, volatility, option pricing models and the weighted 

average cost of capital.  No matter how much you work on these items, the most important task in 
valuation will be coming up with assumptions for product prices and sales quantities that drive revenues; 
computing variable and fixed operating expenses; and, establishing capital expenditures consistent with 

the sales forecasts.  Developing a set of universal formulas or guidelines for these drivers of cash flow that  
can be used across a large set of different industries is not possible because of differences in the way 
products are produced, facilities are constructed and the structuring of consumer prices.  Constructing 

ways to t ranslate fundamental economic principles into supportable assumptions that can be used in 
financial modeling analysis for the base case, the downside case and other scenarios is a far less defined 
process than all of the techniques used to derive value through computing free cash flow, discounting 

cash flows and other issues that were discussed in earlier chapters.  Given wide differences across 
industries in developing value drivers, this chapter provides a general framework for forecasting prices 
over long term periods that is guided by some basic economic principles revolving around marginal cost, 

surplus capacity and demand elasticity.   
 
In creating corporate finance analysis, developing a framework that evaluates capacity in a market,  

demand growth, market share and product prices is almost always the most important component of the 
analysis and the part  of the process that results in the most lively debate when discussing valuation 
analyses.  Incorrect estimates of future prices – particularly optimistic price forecasts -- that do not  

consider how fundamental supply and demand conditions can cause dramatic change in price levels  and 
price volatility have caused many valuation analyses to go very wrong.  Virtually all of the mistakes in 
Chapter 1 involved incorrect estimates of price driven by supply and demand in one way or another.  In 

the case of AES Drax, the price of electricity crashed because of surplus supply and a more competitive  
industry structure; for Eurotunnel, the increase in capacity caused by the tunnel itself resulted in a price 
war with the ferries; the telecom meltdown was driven by massive additions of capacity that were made in 

anticipation of demand growth that did not materialize; problems with the Dabhol plant were driven by not  
paying enough attention to the inherent cost structure of the power plant when setting prices; and, errors  
made in the early 2000’s for residential U.S. home prices as well as the mid 1980’s for commercial 

properties and in the mid 1990’s in East Asia ultimately led to defaults on real estate loans and the 
subsequent financial crises.  The question addressed in this chapter is how one could have come up with 
approaches to gauge the potential movement in these prices when developing valuation analyses. 

 
Given historic changes in the volatility and trends of various different prices that drive the value of capital 
intensive investments -- the price of copper, steel, oil, natural gas, ship charter rates, aluminum, real 

estate, air freight and telecommunication bandwidth for example -- constructing a reasonable forecast 
over the long li fetime of a capital intensive project may seem to be an utterly hopeless task.  A graph of 
actual and projected oil prices presented in Chapter 4 illustrated dramatic mistakes in forecasting oil prices 

made by experts hired by the Energy Information Agency.  With all of the underlying data on worldwide 
reserves, trends in demand for oil, judgments about geopolitical events and other factors that drive oil  
prices, the forecasts were dramatically off the mark.  And oil prices are of course not the only forecasts 
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that have been hopeless.  A graph of actual natural gas prices relative to various forecasts made by the 
EIA shown below illustrates a similar dramatic underestimation prior to 2009 followed later by forecasts 

that overshot the actual price.
1
  In the case of natural gas prices, better forecasts could have been made 

by estimating a simple time trend along with provisions for mean reversion (for example, changes in 
technology that have allowed development of shale gas were not predicted in the forecasts. )  Given the 

difficulties in making forecasts of economic variables, it is tempting to throw your hands in the air and 
assert, as does Nicholas Taleb, that anybody who makes a forecast of economic variables such as prices 
is engaging in fraud.

2
  Our problem as valuation analysts is that if you do not make a price forecast, you 

are left with no basis to make a quantitative assessment of the value of an investment.   
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Marginal Cost Theory 
 
Much of this chapter addresses use of economic marginal cost principles to develop practical techniques 

that can be used to measure and forecast underlying drivers of prices .  The discussion begins with a 
review of some fundamental economic theory involving marginal cost principles and then considers  
various items that must be measured in order to build forecasts of marginal cost .  The subjects include:  

  
 (1) the definition of marginal cost in capital intensive industries that is the basis for pricing;  
  

 (2) calculation of carrying charges that underlie the capital cost component of marginal cost;  
 
 (3) the theory of how marginal capital costs translate into prices in industries where diverse 

production capacity has different cost and efficiency characteristics;   
 
 (4) derivation of the volatility in short-run marginal costs which is driven by variability in demand,  

capacity expansion, input prices, and changes in efficiency; and,  
 
 (5) the mathematics of deriving long-term marginal cost in equilibrium.   

 
Working through these concepts provides a foundation for  establishing the price and quantity drivers in 
cash flow models that can be used in alternative base case, downside and upside scenarios.  The 

                                                                 
1
 Reference: EIA website 

2
 Reference: Black Swan, Taleb, Nicholas. 
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analysis can also be used to develop volatility, mean reversion and other parameters for stochastic 
models.  

 
Asserting that one can build some kind of complicated econometric model using historic data in making 
price forecasts for financial models is both dangerous and arrogant.  When valuing any business you need 

to know something about the cost structure and ho revenues are derived in the industry.  Instead of 
engaging in price forecasts derived from some kind of statistical analysis of past prices is better to focus 
on understanding the underlying economic cost of the product in question -- the long-term marginal cost.  

The simple notion that prices cannot indefinitely remain substantially below or above marginal cost can be 
used to establish a long-term outlook (this works unless there are significant barriers to entry or some 
other kind of market interventions such as government regulation.)  Were prices to remain above or below 

cost and not move toward marginal cost, there would be never-ending over-supply or never-ending 
shortages.  To illustrate how this simple idea works, consider again the housing price bubble that  
preceded the financial c risis.  When sub-prime and other loans were being made at loan to value ratios of 

more than 100% on the basis of inflated real estate values, assessment of value derived from the 
underlying cost of building materials, land and labor would have yielded a very different answer than the 
practice of making appraisals from the inflated prices in other comparative transactions.  With hindsight we 

now know that it would have been much better to assess the prices by evaluating the long-run marginal 
cost of building a new home. 
 

The usefulness of applying marginal cost principles in valuation analyses is certainly not universally  
accepted.  Some will surely argue that the investigation of the marginal cost structure of a company and 
an industry for the purpose of evaluating prices is not very useful since prices are often driven by 

speculation, market sentiment, gaming behavior and other factors not related to cost.  For example, when 
oil price reached $147 per barrel in 2008, this price level was difficult to explain the price from fundamental 
supply and demand factors -- despite elaborate speeches made by fast talking experts on television who 

spoke about demand in China and India and the decline in worldwide oil reserves.  At that time, economic  
analysis of the marginal cost of production in the Gulf of Mexico or even the oil sands in Canada which 
was well below the very high prices did not seem to have to do much with the very high level of prices.  In 

any industry as with the oil  price example, prices virtually never exactly equal marginal cost for any good 
or service at any point in time, especially in the midst of a bubble.  Yet despite the diversion between 
prices and cost, economic theory can still be valuable in providing a foundation for the analytical models  

that otherwise would be black boxes driven by arbitrary statistical parameters.  Stated another way, if 
economic analysis of marginal cost gives you 75% of the answer, it would be silly to throw this information 
away instead of building on the 75% and finding other approaches to derive the last 25% piece of the 

puzzle.  In sum, while competitive markets have not and will probably never work in a perfect manner 
where prices precisely equate to marginal cost, marginal cost influences prices more than anything else 
over long periods.  A solid understanding of marginal cost is essential for understanding and modeling the 

movement of prices over time.  
 
The reason marginal cost is relevant in making price forecasts is because of the simple idea that  

businesses, consumers and other entities make decisions on the basis of how an action will affect their 
future well being (even if they are not entirely rational).  When both consumers and producers make 
decisions through evaluating how much they can profit if they change their consumption and production 

behavior, then prices should approximate the short-run marginal cost.  (This assumes markets are 
competitive and there are no major limits on the entry of firms into the market.)  If prices are above the 
incremental cost of producing one more unit in a competitive market, suppliers who have costs near to the 

marginal cost will want to produce more, leaving an excess of production in the market.  In this situation, 
prices must fall so that surplus in the market will clear and producers will produce less.  On the other 
hand, if prices are below the marginal cost of producing an additional unit, suppliers with relatively high 

costs will not want to produce.  This will create shortages in the market and prices must rise to promote 
supply that will alleviate the shortage.  The implication of all this very basic economic theory is that we 
need to find the marginal cost i f we want to find the stable level of prices.  Similar arguments 

demonstrating that marginal cost should equal price can be made with respect to demand.  In situations 
where the price is below marginal cost, surplus inventory will accumulate and prices must fall prompting 
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increased consumer demand to absorb the over-supply.  The converse is true when price is above 
marginal cost where prices must increase to ameliorate the shortage.   

 
While the proposition that prices should equal marginal cost is one of the most fundamental principles in 
economics, defining marginal costs in a practical way that can be useful for value driver analysis in cash 

flow forecasting is a much more complex matter.  Marginal costs must first be defined and then be 
measured, both of which can be very difficult.  Generally speaking, marginal cost can be defined as the 
change in the opportunity cost of a good or service, divided by a small change in consumption or 

production of that good or service.  Opportunity cost is measured in terms of the cost of other things that  
are avoided if a small amount of the product is produced.  As capital investment from investors is required 
to produce just about anything and since profits must be earned on money that is used to finance capital  

to prompt investment, part of the opportunity cost includes profit on investment or the cost of capital.  In 
terms of a formula, marginal cost can be defined as: 
 

Marginal Cost = Small Change in Opportunity Cost / Small Change in Units Consumed 
 
For many items, both the opportunity costs of changing production – the numerator in the marginal cost 

calculation -- and the units of consumption that cause costs to change on the margin – the denominator – 
are challenging to measure.  This means that in order to use marginal cost as a guide for analysis of 
prices, the first task is to carefully define marginal cost for the product that is the subject of the cash flow 

forecast.  For example, in using marginal cost to evaluate the price of copper, one question is whether 
opportunity cost includes the benefits from finding gold and silver that are often also extracted when 
copper is mined.  Assuming the unit of production (the denominator) is only copper, the variable 

opportunity cost of extracting an additional gram of copper and ore generally includes a credit for the value 
of gold and silver that is part of the mining process.  A second issue is whether there is surplus capacity in 
the industry which can push prices close to the variable cost of production without recovery of capital 

costs.  A third problem is how to account for capital costs associated with building the copper mine in the 
marginal equation when there is no surplus capacity in the industry.  If the change in opportunity cost only 
included variable costs of extracting and processing the copper,  and if each mine in the world had the 

same cost structure, then the marginal cost would not cover opportunity costs associated with capital 
investments and no sensible investor would ever again want to invest in a new mine.  This implies that  
marginal cost should include something to account for the fact that the copper would not be mined if prices 

did not cover the cost of the capital equipment used to process the o re as well as the cost of the 
infrastructure used to construct a new mine.   
 

To further illustrate problems in measuring marginal cost, consider the case of airplane trips and industries  
with virtually no variable costs of production.  In measuring the marginal cost of an airplane trip from the 
perspective of an airline company, the units consumed may be defined as the seat on a plane, additional 

plane trips, or the purchasing additional  planes.  Depending on the definition of units consumed, the 
marginal cost could just include the incremental cost of services for an additional passenger if the plane is  
already making a trip; the cost of fuel and labor if the marginal cost units consumed if the decision is 

whether a plane should be used for a particular route; or the entire cost of the plane as well as the cost of 
fuel and labor i f the units of consumption are new planes.   Computing the marginal cost of a pole used to 
distribute electricity, the marginal cost of a using a toll road or the marginal cost of a  telephone call where 

virtually all costs are fixed is even more difficult.  These examples are meant to demonstrate that applying 
the marginal cost formula to particular industries in order to understand future price trends is much more 
difficult than understanding the theory.  The problem is future compounded by trying to find data that can 

be used in applying the marginal cost equations.  
 
From a practical financial modeling perspective,  the notion that prices converge to long-run marginal cost 

in a competitive industry imply the return on invested capital should be reasonable in financial forecasts.  
In evaluating a long list of assumptions, the historic  and projected return on invested capital should be 
computed and presented as a prominent  part of the forecast. If the return on invested capital is assumed 

to continue a high level and the company does not have any particular competitive advantage, then 
implicitly the price is assumed to be above the marginal cost.  Without barriers to entry in an industry , 
assuming that a company can continue to earn high levels of return on invested capital is a dangerous 
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proposition.  For example, in the solar power manufacturing industry, companies such as First Solar were 
able to earn high levels of return while the cost of establishing new factories is small relative to the 

variable cost.  Companies entered the industry en masse (from China and elsewhere in Asia) in order to 
try and earn similar returns.  The price soon fell to the variable cost of production for compa nies in Asia 
where labor costs were lower.  As shown on the graphs below, the return on investment, the price and the 

lesson is that prices could not be maintained above marginal cost in a competitive industry.   
 

  
 

 
  

Much of the difficulty in computing marginal costs involves defining the appropriate time period to use 
when computing costs and quantities.  When deriving marginal costs over a long time period, prices must 
cover the entire capital cost of buying new capital equipment , otherwise no new capital would be 

employed, demand would exceed supply and there would be never-ending shortages driven by insufficient  
capacity in a market.  However over a short-time period, prices should correspond only to the incremental 
costs of producing one more item and in periods characterized by surplus supply of capital equipment  

capital costs are not part of the equation.  This difference between short -run an long-run cost means that  
the presence of surplus capacity can have dramatic effects on price volatility, as prices may be reasonably  
stable when there is surplus capacity and suddenly change when the surplus goes away.  The implication 

of prices changes that occur when surplus capacity dissipates implies  that if one uses historic data to 
predict future volatility, the errors can be large.  It also means that marginal cost calculations are 
complicated because they involve measuring variable cost of producing the product in the short-term 

when there is surplus capacity and then possibly adding something to variable costs to account for costs 
of building new capacity which must ultimately be a part of the price or the industry can never expand.  It  
may be straight forward to calculate marginal costs in the short-run and also the marginal costs of adding 

new capacity which include costs of financing a new production facility .  The problem is then how one 
should combine the two calculations and come up with some kind of way to put the short-term marginal 
costs and the long-term marginal costs together.   

 
 Understanding Short-term and Long-term Movements in Historic Prices 
 

The starting point in evaluating key drivers in a valuation analysis is review of historic data, often involving 

a simple graph of the historic data (recall you can simply press the F11 or the Alt-F1 key in excel after the 
data is set up with blank rows and columns in-between without a title for the x-axis.).  Instead of computing 
volatility, mean reversion or other statistics, it may be better to begin the analysis by asking basic 

questions about what are the underlying causes of the price trends and what could happen in the future.   
Looking at historic data does not imply that historic trends should be used in cash flow forecasts.  To be 
sure, simple extraction of historic trends in prices and other  value drivers is one of the most dangerous 

mistakes that can be made in valuation as discussed in the case involving AES Drax from Chapter 1 
where changes in the market structure drove dramatic changes in the level and volatility of prices.   
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An example of reviewing historic prices is illustrated in the graph below for copper prices.  After 1974, both 
the level of the copper price and the volatility of prices fell.  This can be explained in part by the notion that  

demand for copper dropped as fiber optic wire replaced copper wire for use in telecommunications.  The 
lower level of demand in turn meant that there was enough capacity in the world to meet demand without  
building new copper mines.  With surplus capacity, prices were driven by the variable cost of producing 

copper from the most expensive mine necessary to meet demand.  Lower volatility could be explained by 
the shape of the supply curve and the distribution of variable costs among mines across the world.  When 
demand increased driven by building in China and other Asian countries, the surplus capacity dried up in 

2004 and prices had to be sufficient to both induce copper suppliers to build new mines and/or induce 
consumers to reduce demand.  Without surplus capacity, the price was driven by the long-run marginal 
cost consisting of the variable operating cost plus the cost of building new mines.  Predicting the 

magnitude and the length of periods of surplus capacity where prices are driven by short -run marginal cost 
is very difficult i f not impossible.  However understanding marginal costs that are the basis for equilibrium 
prices around which price cycles move can be a reasonable thing to do.  
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A very good source of historic data for many prices including the copper prices shown in the above graph 

is data published by the World Bank.  You can go to the World Bank website and then download data on 
prices ranging from the oil price to the price of logs in Cameroon.  The World Bank website like many 
others allows you to download the data to an excel file.  Data on commodity prices could be so useful that  

you may want to update it regularly without going to the website.  You can do this by creating a macro in 
excel that automatically reads the data directly into a spreadsheet without even going to the internet.  To 
create this macro, you can create the following process: 

 
Step 1:  Go to the website and find the link.  To find the link that directly reads the excel worksheet, right  

click on the area which allows you to download the excel sheet. A pop-up menu appears that  

allows you to copy the spreadsheet.  This is illustrated on the diagram below.  
  

 
 
 
Step 2:  Paste the short-cut into a spreadsheet.  Since the cell in which you paste the link will be used in a 

macro, it is useful to name the cell as illustrated below.  
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Step 3: Create a macro that contains one simple statement – the WORKBOOKS.OPEN function.  When 

writing this macro, put the URL range in the macro as illustrated below.  
 
   WORKBOOKS.OPEN (RANGE(“WBURL”) 

 
Step 4: After running the macro and downloading the file to a spreadsheet, write another macro that goes 

to the downloaded file, copies the contents, and places the output in a new spreadsheet.  Then 

you can modify this macro and combine it with the macro that reads the workbook  shown above.  
 
 

Chapter 41: How Economic Theory Can be Applied in Developing 
Price Assumptions for Financial Models through Computing Supply 
and Demand Curves Estimate Prices and Quantity Sold 
 
The remainder of this chapter delves into practical methods th at can be used to compute short -run 

marginal cost for an industry, long-run marginal cost and integrating short -run cost together with long-run 
cost.  As with other chapters, step by step modeling techniques are presented along with the theoretical 
discussion so that you can compute marginal costs in practice with exercises that walk through each part  

of the process.  The first subject discussed is computing short -term marginal costs during times when 
there is surplus capacity through constructing a supply curve from variable cost.  Subsequent sections 
address computation of marginal cost during periods when surplus capacity does not exist and the 

integration of long-term marginal cost with short-run marginal cost.  You may never construct supply  
curves or estimate price elasticity when making a financial model.  This does not mean however the 
discussion is irrelevant for your valuation analyses.  Even if you do not have the data to compute supply  

curves, long-run marginal cost or demand elasticity for an industry that is  the subject of a valuation,  
thinking about the conceptual issues when making judgments as to long-run price an quantity forecasts is 
still essential. 

 
In explaining how to compute marginal cost, electricity generation is often used to illustrate the mechanical 
techniques.  While it may seem that the some of the modeling discussion is only relevant to electricity 

pricing, the idea of computing a supply curve to evaluate short -run marginal costs and the idea of 
evaluating capital costs of marginal new production can be applied across very many industries.  Even 
though the marginal cost and pricing ideas can be easily applied to other markets, some characteristics of 

electricity that underlie the measurement of electricity prices that drive the cost structure are worthy of 
note.  Four somewhat unique elements of electricity that drive marginal cost, volatility of prices and 
ultimately valuation are listed below.   

 
 (1) Like many other products, electricity cannot generally be stored, but rather must be 

currently produced to meet consumption with no ability for either consumers or suppliers  

to hold product in inventory so that they can hedge against unexpected changes in 
demand or supply.  Without storage, the demand and supply curve are re-established in 
each period and there is no inventory whereby surplus capacity from low demand in one 

period can offset  high demands in subsequent periods and demand and supply are re -
established for each short-term time period. 

 



 

 
Chapter 6 Marginal Cost Principles and Forecasting Prices                                                     Page 9 

  (2) Electricity demand fluctuates a lot from period to period.  The demand level changes by 
large amounts between daytime and nighttime because of human activities;  from day to 

day because of changes in weather; and between different seasons because of space 
heating and air conditioning uses.  

 

 (3) In most electricity systems, the variable cost of production per unit varies significantly 
between low cost and high cost plants.  Variation in the variable cost of production among 
plants means that the supply curve has a steep shape (particularly when capacity comes 

close to its maximum level.)  Further, when demand reaches the high part of the supply  
curve, it is easy for producers  to manipulate prices through holding back supply or 
refusing to generate unless prices reach extreme levels.  

 
  (4) In the vast majority of electricity markets around the world, the cost consumers incur when 

there are electricity shortages (i.e. the costs incurred by customers when their electricity is 

cut-off) is very high relative to the operating costs of producing electricity.  In economic  
parlance, short-term price elasticity is low and demand response is small.  

 

 
The fact that electricity cannot be stored drives many of the characteristics observed when examining 
historic electricity prices.  The mean-reversion of prices is caused by the fact that demand and supply 

curves are re-established in each time period; the fluctuation in demand produces differences between 
on-peak and off-peak prices; the cost of capacity shortages drives the extreme price spikes during 
periods of high demand; and the shape of the supply curve drives the volatility of prices from hour to hour.  

While modeling electricity generation prices is the focus of discussion in this chapter, economic statistical 
and financial concepts used to develop mathematical equations for electricity are equally pertinent to 
prices of many other goods and services.  The formulas for volatility and mean reversion are the same in 

analysis of natural gas, oil, copper, pulp and paper, palm oil, real estate and even computer chips.  
Discussion of how one should temper application of mathematical formulas with judgment derived 
economic analysis is as relevant to other commodities as it is to electricity.

3
   

 
Definition and Implications of the Shape of the Short-Run Supply Curve 
 
A supply curve plots the cost of production for an industry on one axis relative to the amount of production 
over a certain period of time.  In the short-run, the supply curve is represented by the variable production 

cost per unit, as producers will not choose to produce if the price is less than their cost.  In virtually any 
industry there are a variety of different types of capacity produced in different regions (from plants with 
different ages, from plants that use different technologies, from plants that use different sources of 

supply) that can be used to make a product.  To compute the short-run supply curve from capacity given 
the diversity of production in an industry, the costs of individual production plants must be gathered along 
with the capacity of each plant.  Once the data is acquired for a given period of time, costs can be sorted 

and plotted against the cumulative amount of capacity.  The figure below illustrates the supply curve for 
the copper industry.

4
  In this case, the cost per unit is the net cost of producing copper (minus revenues 

received from production of gold and silver) divided by the production of copper.  The bar with the lowest 

cost on the chart is for the Grasberg mine in Indonesia while mines with higher cost tend to be older 
mines located in the U.S.  For the Grasberg mine, the size of the mine, the nature by which ore can be 
extracted, the labor costs and the significant amount of copper and silver at the mine drive the low cost 

per unit.  In the case of each mine listed on the chart, the amount of production and the costs are 
computed over the course of a year.  The graph shows that costs range from less than 10 cents per 
pound for the Grasberg mine in Indonesia to a high of 140 cents per pound.  The x-axis shows that the 

world wide annual production of copper could reach 11,000 cubic kilotons  (during the period of the late 
1990’s and the early 2000’s, some expensive capacity was shut down because there was more than 
enough capacity to produce all of the required copper from other mines.)  The price of copper of about 40 

cents per pound demonstrates that there was a lot of surplus capacity in the market.  

                                                                 
3
 http://data.bls.gov/PDQ/servlet/SurveyOutputServlet 

4
 This data can be found at www.minecost.com 
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The reason the costs must be sorted is because if the price was different than the variable cost of the 
most expensive unit (or the variable cost of the next most expensive unit that is not running), then there 
would be excess or deficient supply in the market.  Consider first the situation in which the price is lower 

than the cost of the most expensive unit that is necessary to meet demand.  With the price below the cost 
of the most expensive plant needed to meet demand, the operator of the relatively high variable cost 
generating unit that is needed to meet demand will not run his plant and the market demand will not be 

met.  On the other hand,  if the price is above the cost of the marginal unit that just meets demand, plant 
owners with variable costs above the cost of the last unit will attempt to provide more supply than is 
necessary to the market.  In this case too many suppliers will try to run their plants and there will be 

excess supply.  Only when the price is equal to the cost of the last generating unit, is the appropriate 
quantity is supplied to the market.  
 

The presentation of supply curve data demonstrates that when developing assumptions for purposes of 
cash flow forecasting an industry-wide outlook must be the stating-point rather than simply attempting to 
assess trends for a particular firm or for a particular project.  When presenting corporate models in 

Chapter 2, one could make an elaborate model that performs some sort of regression analysis on past 
prices and quantities for a firm or assume that growth rates follow historic trends.  This type of analysis 
that does not begin with an industry-wide perspective would ignore the real ways in which value fluctuate 

because of surplus capacity in an industry or value changes from the balance of supply and demand.  
Without a careful assessment of the marginal cost for an entire indus try, analyses that contain any sort of 
price variable will be useless. 

 
Modeling and Presenting the Supply Curve  
 
To create a supply curve graph such as the one shown above for electricity the variable cost of 
production is compared to the amount of electricity capacity in the market.  Because electricity cannot be 

stored, the time period for measuring production is the instantaneous amount of capacity that can be 
produced at a given period of time (rather than the amount of capacity that can be produced over the 
course of a year as with the case of copper).  The lack of storage also means that supply which is 

uneconomic in a particular hour cannot be retired as is the case for copper.   
 
To construct a supply curve for electricity, the first step is calculating variable cost of running each unit in 

a market and the second step is sorting the list of plants according to the variable cost .  Once the plants 
are arranged in the order of their operating cost, the capacity associated with each plant is accumulated 



 

 
Chapter 6 Marginal Cost Principles and Forecasting Prices                                                     Page 11 

according to the sorted variable cost.  In creating the supply curve, a couple of programming techniques 
that can be helpful:  

 
1. Collect capacity and the cost of each plant or each unit.  This is often publicly available from 

sources such as the Energy Information agency and independent system operator websites.  The 

example below uses bid data from the PJM website in the U.S. where the amount of capacity and 
the bids for each increment of capacity are listed (the bid price is used to represent variable cost.)  
In arranging the costs and capacities of the plants, provisions should be made for being able to 

add new plants, remove plants permanently or temporarily and to change the cost of operating the 
plant as factors such as fuel prices change.  
 

2. Once the data for costs and capacities is acquired, the data set should be sorted according to the 
variable cost (or bid price) as the plants with the lowest cost will produce power first .  Rather than 
using the simple sort function in excel, it is useful use an alternative method which maintains the 

original list of data so that the data does not have to be re-sorted each time the characteristics of 
the plants change.  This can be accomplished by creating a numeric tabulation of the plants in a 
separate column and then using the SMALL function.  The SMALL function requires an array of 

data – in this case the cost per unit – along with a counter variable.  For example, when the 
counter is 1, the smallest value is listed and when 2 is used, the second smallest number results.  
Once the SMALL function is used to arrange the variable cost of each unit, the capacity can be 

matched with the cost through using the INDEX and the MATCH command together.  The MATCH 
command is first applied, where the individual sorted cost is matched against the sorted column of 
costs to establish the ranking number for each plant.  Once this ranking is established, the INDEX 

command can be used to find the name of the plant and the capacity of the plant.   The formulas 
are illustrated below. 

 

Sorted Cost = SMALL(array of costs, counter)  
 

Sort Code = MATCH(Sorted Cost, array of costs) 

 
Plant capacity, Plant Name = INDEX(Plant capacity, Sort Code)  

 

 
3. In order to make the above process work when there are multiple plants that have the same 

variable cost, a very small random number can be added to the variable cost  in an additional 

column.  This column rather than the variable cost without the random number should be used 
with the SMALL function.  To add a very small random number, the following formula  could be 
used:  

 
Adjusted Variable Cost/MWH = Variable Cost/MWH + RAND() x .0000000001  
 

4. With the capacity column that is sorted along with the variable cost developed using the MATCH 
and INDEX commands above, accumulate the capacity by summing the prior balance with the 
next increment of capacity.  The accumulated capacity is the x-axis of the supply curve while the 

sorted variable cost per MWH is the y-axis data that is plotted. 
 

Capacity Cost Counter Small

Sort Key 

with 

Match Index Capacity

Accum 

Capacity Cost

Plant A 1,400 28.00 1 24 5 Plant E 700 700 24.00

Plant B 500 90.00 2 28 1 Plant A 1400 2100 28.00

Plant C 1200 50.00 3 43 4 Plant D 1100 3200 43.00

Plant D 1100 43.00 4 50 3 Plant C 1200 4400 50.00

Plant E 700 24.00 5 80 6 Platn F 650 5050 80.00

Platn F 650 80.00 6 90 2 Plant B 500 5550 90.00  
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5. In the graph above representing the copper supply curve, the diagram is presented as a step 
function where each increment of capacity has one price.  To display a graph in this manner one 

cannot simply graph the accumulated capacity and the cost from the last two columns in the 
above table.  Instead, each price should be listed twice – first with the beginning increment of 
capacity and then with the ending increment of capacity.  This is a bit painful but can be 

accomplished by first creating a counter variable that simply goes from 1 to 2 and back to 1 in a 
column. The counter variable can be created by first typing 1 in a column and then using an if 
statement depending on whether the prior number is 1 or 2:  

 
Counter = IF(counter above = 2, 1, counter above + 1)  

 

6. Once the counter is established, create a plant counter variable that increases by 1 for every other 
row.  This is again created by a simple IF statement as follows:  
 

Plant counter = If(counter =1, Plant counter + 1, previous plant counter)  
 

7. Use the INDEX function to list the plant capacity and the cost according to the plant counter 

variable.  For the cost variable, simply use the INDEX function and the plant counter.  This paces 
two costs for each row.  For the capacity. Begin the first row by entering zero.  For the second 
row, use the INDEX function with the previous row in the formula as illustrated below:  

 
Cost = INDEX(Array of costs, Plant counter)  

 

Accumulated Capacity = INDEX(Array of accumulated capacity, Previous Plant counter)  
 

Increment Plant Accum

by two Counter Capacity Cost

1 1 0 24.00      

2 1 700 24.00      

1 2 700 28.00      

2 2 2100 28.00      

1 3 2100 43.00      

2 3 3200 43.00      

1 4 3200 50.00      

2 4 4400 50.00      

1 5 4400 80.00      

2 5 5050 80.00      

1 6 5050 90.00      

2 6 5550 90.00       
 

8. Create a step diagram by using the F11 key to generate an x-y graph.  To do this, there should be 

no title on the x-axis for the accumulated capacity (or at least leave a blank space above the 
numbers) and there should be a title above the cost column.  After pressing the F11 key, the 
graph will not look like a supply curve until you change the type to an x/y graph.  Using the data 

above, the graph will appear as a step function as shown below.  
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An example of this process is shown in the table and the graph below for the PJM electricity market in the 
U.S.

5
  PJM publishes bids and the associated capacity which are re-formatted on the left -hand-side of the 

table.  The manner in which the data is converted to a sorted supply curve using the SMALL, MATCH and 

INDEX function is shown on the right-hand-side of the table.  
 
 

Row 

Code for 

Plant

Column 

Code for 

Unit

MW of 

Capacity 

Unit

 Bid in 

Terms of 

$/MWH 

for Unit 

Bid in 

Terms of 

$/MWH 

for Unit 

with 

RAND

Counter 

for Plant

Sorted 

Cost from 

SMALL 

Function 

($/MWH)

Row 

Number 

of 

capacity 

from 

MATCH 

Function

MW of 

Capacity 

from 

using 

INDEX 

function

885 10 0 -            0.00          8850 33.72       7933 50

886 1 100 20.28       20.28       8851 33.72       8932 20

886 2 25 32.75       32.75       8852 33.77       5618 7

886 3 50 33.20       33.20       8853 33.79       3730 8.7

886 4 50 35.51       35.51       8854 33.79       5601 80

886 5 30 40.62       40.62       8855 33.80       5602 40

886 6 33 44.75       44.75       8856 33.83       5901 185

886 7 0 -            0.00          8857 33.89       10483 8.9

886 8 0 -            0.00          8858 33.89       6598 25

886 9 0 -            0.00          8859 33.91       8734 40

886 10 0 -            0.00          8860 33.92       4274 42

887 1 165 4.58          4.58          8861 33.93       6599 5

887 2 85 20.33       20.33       8862 33.95       7883 50

887 3 75 23.18       23.18       8863 33.98       4275 1

887 4 50 23.46       23.46       8864 34.01       7654 100

887 5 50 23.74       23.74       8865 34.01       7634 89

Raw Data Sorted Data for Supply Curve

 
 

 
 
For electricity, the left most points of a supply curve are generally nuclear plants – plants that have very 

low variable operating costs (low fuel costs).  Subsequent capacity on the x-axis may include coal plants, 
combined cycle units and peaking plants.  The plants with relatively high costs may be units that have a 
high fuel price such as old diesel plants operating on fuel oil or they may be plants that have low 

efficiency such as simple cycle turbine plants.  The variable cost on the y-axis is driven by the fuel cost 
and the efficiency of each plant.  Efficiency is measured by the heat rate -- BTU energy input relative to 
electricity output – where lower efficiency plants have a higher heat rate. Sorting capacity according to 

variable cost and accumulating capacity defines the supply curve because it depicts the price level at 
which managers of generating units will in theory offer to supply their power.  
 

The shape of the supply curve as well as changes in its shape is crucial elements in understanding trends 
and the volatility of prices.  For electricity, the slope of the supply curve is a major determinant of the level 
of marginal costs in an hour as well as the volatility of prices and costs.  For example, if the supply curve 

was a 45 degree line, then changes in required supply to meet demand would be proportional to changes 

                                                                 
5
 Data for the bid of each increment of capacity is published on the website www.PJM.com.  Similar supply curve 

data can be found on other Integrated System Operator (ISO) websites. 

http://www.pjm.com/
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in marginal cost.  On the other hand, if the supply curve was a straight horizontal line implying no diversity 
in supply, then changes in required supply would have no effect on price and there would be no volatility 

in short-run marginal cost.  If there are new supply additions in a market, or changes in the capacity of 
existing plants, or changes in factors that drive the variable cost, or changes in a host of other factors, the 
supply curve can shift – shifts to the left or right and/or movements downward and upward.   

 
If the level of demand that drives the required supply is known and not sensitive to price, then the 
changes in price over time for purposes of making a financial model could be analyzed through 

movements in the supply curve.  This means that changes in price are driven in part by changes in the 
shape of the supply curve over time as new capacity is added and old capacity is removed, as input costs 
such as energy and food change, as capacity is out of service for maintenance and as the productivity of 

new and existing resources change.  The graph below illustrates differences in supply curves for Nickel 
over a six year time period.  The supply curve for 2002 includes a lot of ne w capacity relative to the 
supply curve for 1994 suggesting that prices should have declined.  The maximum production in 2004 

was around 500,000 tons while the capacity in 2002 increased to 900,000 tones.  If the annual demand 
for nickel was 400,000 in both 1994 and 2002, then in theory the price should have declined from about 3 
to about 1.5 (this is gauged by drawing a vertical line on that chart at the 400,000 level.)  The prices did 

decline through 1998, but then increased as the demand began to grow.  
 

 
 

In the case of electricity, the shape of the supply curve will  change if hydro production falls, i f the fuel 
prices change, if plants are not available because of maintenance and other factors.  The effects of 

changes in the supply curve can be demonstrated by returning to the case of the California power crisis 
discussed in Chapter 1.  A reduction in hydro generation, increase in natural gas prices (that were 
influenced by market manipulation of a gas supplier), outages of many generating units (again probably 

influenced by market manipulation) and increases in the cost of buying emission credits mean that the 
supply curve shifted to the left and also shifted upwards.  Given a level of demand, the expected changes 
in price from these factors can be evaluated.  If a plant cannot be operated because it is out of service for 

maintenance, its capacity should not be included on the x-axis of the supply curve and the unit with the 
highest variable cost to meet a given level of demand varies.  Finally, if a new plant is added in the 
market, this capacity should be included in the arrangement of costs and capacity that is used to 

construct the curve.  
 
Simulating Variability in the Supply Curve  
 

To project both the level and the volatility of prices, potential movements in the supply curve should be 
considered in the short-term and in the long-term.  If one is projecting trends in the supply curve, the 
techniques developed described in Chapter 3 to model the volatility of prices can easily be applied to 

construct simulated volatility of marginal costs.  For example, consider the variability in hydro production.  



 

 
Chapter 6 Marginal Cost Principles and Forecasting Prices                                                     Page 15 

The graph below illustrates the volatility of hydro generation for different countries in the graph below 
which demonstrates the hydro production can vary by  a wide margin from year to year.  Trends in hydro 

production around the world clearly are mean reverting and the volatility varies between 8% for Norway 
and 28% for Spain.  As with any time series, the volatility of hydro production can be measured from  
historic data.  
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To incorporate hydro volatility into a supply curve, one could multiply the mean level of hydro energy in 
the supply curve by the historic standard deviation of hydro variation and by the inverse of the standard 
normal distribution of a random variable (assuming that the variation in hydro production is normally 

distributed) using the following equation:  
 

Hydro Capacity = Base Hydro Capacity x NORMSINV(RAND()) x Volatility 

 
Similar techniques can be used to simulate plant outages, volatility in fuel costs, changes in new capacity 
and other factors that drive the supply curve.  To compute plant outages, one can use historic data for 

outage percentages and determine the probability that a particular plant will not be operational on a given 
day (known as forced outage).  Given the probability, a simulation analysis can be created to reflect the 
possibility that any particular plant will not be available.  The mechanics of representing changes in the 

supply curve through simulation of outages, hydro volatility, fuel price variability and changes in capacity 
can be accomplished using the following process: 
 

1. For non-hydro thermal units, you can create a SWITCH variable to define whether a unit is 
available along with a variable that records the outage rates and a variable that records the 
fuel cost index next to the list of capacity.   

 
2. To model outages, you can use the RAND() function in excel that creates a variable between 

zero and one.  If the RAND() result is below the outage rate, then the SWITCH is set to 

FALSE and  the capacity is set to zero.  If, on the other hand, the RAND() function is above 
the outage rate, then the SWITCH is set to TRUE and the full amount of the capaci ty is 
assumed to be available.  Recall, that an IF statement is not necessary to accomplish this.  

Rather, you can simply use a logical statement as follows:  
 

Outage Switch = RAND() > Outage Rate 

 
 The outage variable is shown on the table below under the column “Plant Operating”  
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Capacity Heat Rate Fuel Cost Cost Outage Plant  Capacity Sorted Match Sorted Cumulative

Plant MW BTU/kWh USD/MMBTU USD/MWH Percent Counter Rand Operating after Out Price of Cost

Plant A 2,000             10,000          1.50                  15.00             0.05 1 0.90 TRUE 2,000       13.50      5 1,600       1,600       

Plant B 6,000             8,000             30.00                240.00          0 2 0.29 TRUE 6,000       15.00      1 2,000       3,600       

Plant C 500                7,000             5.00                  35.00             0.03 3 0.19 TRUE 500           18.00      4 -            3,600       

Plant D 1,100             12,000          1.50                  18.00             0.05 4 0.05 FALSE -            35.00      3 500           4,100       

Plant E 1,600             9,000             1.50                  13.50             0.09 5 0.92 TRUE 1,600       35.00      3 500           4,600       

New Plant 500                7,000             5.00                  35.00             0.04 6 0.88 TRUE 500           240.00    2 6,000       10,600      
 

3. In modeling the volatility for fuel prices and hydro capacity the RAND() function can be used 
to simulate how different variables affect movements in the supply  curve using time series 

analysis.  To do this, the volatility parameter should first be developed which can depend on 
the period being modeled (Chapter 3).  For example, in the case of natural gas prices, the 
index will be different as one proceeds further into the future.   The volatility factor can then be 

matched with the period of the supply curve and the capacity or the fuel cost can be adjusted.  
If a series  of different  fuel costs are being modeled, they can be modeled in an integrated 
manner using the Cholesky factors described in chapter 3.  

 
After establishing a supply curve with stochastic elements, the future level and the variability of the supply 
curve can be simulated using Monte Carlo techniques described in Chapter 3.  Depending on the shape 

of the supply curve and the amount of surplus capacity in a region,  the effects of variations in the supply 
curve may have a large effect on prices or a relatively small impact.  From a practical perspective, 
thinking about the supply curve and the variability in factors that drive levels of capacity and the price of 

inputs can affect valuation analysis.  
 
Assessing Demand and the Short-run Demand Curve 
 

Evaluating how much industry-wide demand can increase or decrease is often the most explicit or implicit 
factor in making valuations.  The amount of demand in an industry drives the amount of surplus capacity; 
the point on the supply curve at which production occurs; the need for new capacity; and the quantity sale 

of the individual firm.  As demonstrated above, developing the supply curve requires technical knowledge 
about the cost structure of an industry. Demand forecasts on the other hand depend on much more 
subjective elements such as economic activity, changes in taste and substitution from alternative 

products.  The fact that industry-wide demand drives prices and surplus capacity demonstrates again that 
developing valuation assumptions must begin with an assessment of the industry rather than the 
individual firm being valued.   

 
As prices are determined by the intersection of the supply and demand, this section combines the 
discussion of the supply curve with various issues associated with measuring demand.  The discussion 

considers demand changes in short periods when the quantity of supply is fixed in the market (i.e. without 
considering constructing new capacity) to project short-run marginal cost.  Modeling price behavior from 
movements in demand that are not  affected by changes in price (without price elasticity) is addressed 

first.  Next, the issue of incorporating demand elasticity is described from the standpoint of modeling 
changes in price. The final part of this section describes overlaying a demand curve with the supply curve 
in order to simulate prices.  To illustrate the mechanical process of price derivation when demand 

changes in the short-run, the case of electricity introduced above is continued.  This example is 
convenient because electricity cannot be stored in inventory (electricity is not all that unique since no 
product can be stored indefinitely in inventory because of storage cost) and changes in demand have a 

direct effect on price.  Modeling for many other industries is similar (one cannot easily store airplane 
passengers, broadband, road traffic, health club usage, theater performances and many other products.)  
In analyzing products that can be stored in inventory, the analysis may be for a month or a year rather 

than an hour, but many of the principles will be the same. 
 
A basic proposition of microeconomics is that demand for a product is responsive to price meaning that 

the demand curve slopes downward as consumers desire less of a good when the price is higher.  When 
analyzing the pricing in short time periods during which there is sufficient capacity to meet the level of 
demand, it is often reasonable to presume that the demand is quite insensitive to price.  In the case of 

electricity, businesses and homeowners will probably not significantly change their level of usage in the 
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short-run if the price level in wholesale markets is $22/MWH rather than $27/MWH (2.2 – 2.7 cents per 
kWh.) On the other hand, the level of electricity demand probably varies significantly with different 

weather conditions and different states of the economy and the demand curve is inelastic. On a graph of 
quantity versus price, the demand is a vertical line.  This means that once we know the weather, the time 
of day, the season and the level of economic activity, the demand can be computed in a fairly accurate 

manner.  The assumption that demand is inelastic means that the observed actual demands in the market 
do not have to be adjusted if there is a change in price (one often assumes that demand changes 
because of economic growth, the weather or other factors, but one does not have to adjust demand for 

every hour that price changes).   
 
The graph below illustrates the process of price determination where demand is inelastic and sufficient 

capacity is available in the market using the simple supply  curve developed in the last section.  After the 
level of demand in a particular period is established, that amount can be drawn as a straight line on the 
supply curve to determine the price.  In the case of electricity, the price is simply the variable cost MWH at 

the point where supply equals demand.  Changes in price from one period to the next can be driven either 
by the changes in the demand level or by shifts in the supply curve. For changes in demand, the vertical 
line moves on the graph and the price changes according to the location of the vertical line.  The effects 

of changes in demand on the price depend on the shape of the supply curve.  If the supply curve were 
flat, then changes in demand would not affect the price.  If the supply curve had a 45 degree line, 
changes in price vary in proportion to changes in demand.  If the supply cure is steeper than 45 degrees, 

change in price is more than the percent change in price.  For purposes of valuation modeling, shifts in 
demand can cause changes the level of price and the volatility of price that could not be anticipated by 
review of historic trends.  
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From a mechanical standpoint, computation of the market clearing price is straight forward if the demand 
is a vertical line without price elasticity and there is sufficient capacity to meet the fixed demand.  After 
arranging the level of demand in a row or a column, the following steps can be used to determine the 

market clearing price:   
 

1. Use the MATCH function and find the row or column number for which the given demand 

equals the series of sorted cumulative capacity from the supply curve discussed above.  The 
level of demand is matched to the array of the accumulated supply.  
 

2. The process above must be adjusted because the MATCH function in excel will give the 
lower number that just matches the capacity.  For example, assume the demand is 1,200 and 
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the first accumulated capacity increment is 1,000 while the second is 1,500.  In this case the 
match command yields the number 1 for the smaller number of 1,000.  However, for marginal 

cost, you need the higher number because the second plant must be running to meet 
demand.  Therefore, you should add one to the MATCH function. 

 

3. In the above example, if the demand is exactly 1,000, you would like the MATCH function to 
yield 1 which was the number before the adjustment instead of 2.   To make this adjustment, 
you can reduce the demand by a small increment as illustrated in the equation below:  

 
MATCH(Demand - .5, Accumulated Sorted Capacity) + 1 

 

4. After finding the row number in the supply curve by using the adjusted MATCH function, you 
can use this row number in the INDEX function to find the clearing price, where the INDEX 
looks at the sorted variable costs associated with the row number from above.   

 
5. In addition to computing price, you can compute the total production of each plant in the 

industry through determining which plants are operating at their total capacity and the 

marginal plant which is operating at partial capacity.  This can be accomplished by adding 
switch variables for the plant operating as the marginal plant and the plants that are operating 
at full capacity.  The process is illustrated in the table below.  

 
Demand wihout price elasticity 3,000

Marginal Unit (MATCH + 1) 3

Clearing Price without Transfer (INDEX) 43.00

Capacity Cost Counter Small

Sort Key 

with 

Match Index Capacity

Accum 

Capacity

Sorted 

Cost Dispacth Marginal Production Total Cost

Plant A 1,400 28.00 1 24 5 Plant E 700 700 24.00 TRUE FALSE 700 16,800.00

Plant B 500 90.00 2 28 1 Plant A 1400 2100 28.00 TRUE FALSE 1400 39,200.00

Plant C 1200 50.00 3 43 4 Plant D 1100 3200 43.00 FALSE TRUE 900 38,700.00

Plant D 1100 43.00 4 50 3 Plant C 1200 4400 50.00 FALSE FALSE 0 0.00

Plant E 700 24.00 5 80 6 Platn F 650 5050 80.00 FALSE FALSE 0 0.00

Platn F 650 80.00 6 90 2 Plant B 500 5550 90.00 FALSE FALSE 0 0.00

Total 5550 3000 94,700  
 
The idea that the clearing price must be the variable cost of the most expensive plant operating to meet 
demand can be demonstrated by considering the perspective of consumers as well as suppliers. When 

discussing the supply curve from the standpoint of producers, it was demons trated that the only price that 
clears the market is the cost of operating the most expensive plant that is necessary to meet supply  
because if the price was anything else, too many or too few plants would try to sell .  From a consumer 

perspective, the amount of economic resources that must be expended when usage is slightly changed is 
also driven by the cost of the most expensive plant running or the marginal unit .  The equation below 
demonstrates this notion:  

 

Change in Economic Resources = Cost of Most Expensive Unit Running x Change in Usage 

 

If the demand does not change much with different levels of price – i.e. it is completely inelastic – then 
equating supply with demand can be accomplished by simply finding the plant with the variable cost that 
just meets the given level of demand or the variable cost of the most expensive capacity increment unit 

that is currently operating in the market.  This level of production with the highest variable cost is the 
increment of capacity that will operate somewhat more or somewhat less if there is a small increase or 
decrease in demand.  If anyone in the market changes their usage slightly, all of the plants except the 

plant with the highest variable cost will not change the way they operate.  In the case of electricity, it is the 
plant that is the most expensive to operate that will increase or decrease its usage when somebody 
switches on or off a light bulb.   
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Price Volatility and Additions of New Capacity  
 
The relationship between supply and demand affects volat ility of prices as well as the level of prices 
because changes in demand may have minor effects on prices when there is a lot of surplus capacity, but 

the same movements in demand can cause large changes in demand if the supply curve is steep.  A 
related idea is that when new capacity is added in an industry the new plants will often have variable 
costs of operations as developers will naturally install efficient capacity that applies the latest technology.  

If a lot of new capacity is built with the same operating cost characteristics, surplus capacity will  often 
result in the flattening of a supply curve.  To illustrate how both volatility and price level can change the 
price of tin on a monthly nominal basis is presented in the graph below.  When the price was low in he 

mid 1980’s, the volatility was also low. When prices increased in the late 1970 and around 2004, the 
volatility also increased.  The implication for valuation is that in a downside case the price can fall to 
variable operating costs while in an optimistic case, the prices will be much more sensitive to extreme 

variations.  
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To illustrate how the effects of volatility in demand can cause big differences in the volatility of prices, two 
scenarios have been prepared using the example discussed above.  However in one case, an 

assumption is made that large amounts of new capacity are added in the industry.  Both cases compute 
the demand and prices on a month by month basis over a single year assuming an annual  volatility of 
5%.  In one case new capacity additions are assumed that increase industry capacity by 36% while in the 

second case no new capacity is added.  The average price for each month of a one year period is 
tabulated across 5,000 simulations along with the annual price volatility computed from simulating the 
month by month variability in prices.  The analysis illustrates how the increase in capacity reduces both 

the price level and the volatility in the price.  For the case without new capacity the prices vary from 60 to 
130 and the volatility in monthly price is 41%.  On the other hand, for the case with the new capacity the 
prices only vary from 43 to 49 and the volatility in prices across months is 14%.  
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There are a number of obvious and subtle implications of this analysis that demonstrates both the level of 
prices and the volatility of prices fall when industries move to a state of overcapacity through building 

capacity at a faster rate than the increase in demand: 
 

1. Making assessments of the capacity expansion in an industry will be a crucial assumption in 

financial models and presuming that all  companies in the industry will  be rational is probably 
not a reasonable way to develop the capacity expansion assumption.  It will almost always be 
difficult to obtain data on the capacity expansion plans of other companies in the industry, but 

this does not mean that the assumption can be ignored.  
 

2. If an industry is moving from surplus to constrained capacity, differences in price scenarios 

driven by volatility should be increased and the variation in cash flow may increase.  The 
good news from the standpoint of evaluating producers is that prices increase; the bad news 
is that making accurate forecasts becomes more difficult.  

 
3. If an industry is moving to a situation of surplus capacity, there can be sustained periods of 

low prices with relatively little volatility and the time it takes to move out of the surplus capacity 

problem depends on the overall growth rate in the industry.   For example if the growth rate in 
the industry falls to 1% and the industry over-capacity is 20%, it could take twenty years  
before the growth in demand absorbs the surplus capacity. 

 
4. When capacity is constrained and demand is growing, prices can remain above the levels  

required to build new capacity and yield return on investment levels far above the approximate 

cost of capital.  The level above which prices are above those required to allow construction of 
new capacity may produce very high returns and last for long periods depending on the 
construction period of new equipment.  But it is very dangerous in financial models or 

valuation analysis to assume that these levels can last indefinitely.    
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5. If markets are efficient and suppliers cannot engage in gaming behavior such as holding back 
capacity, prices should equal marginal cost.  In practice no market is always in equilibrium 

and perfectly competitive where prices are precisely the same as marginal cost at each 
instant.  For example, there is an on-going debate as to whether electricity markets really do 
have sufficient competition to drive prices near to marginal costs.  In the California electricity 

case study from Chapter 1, it  is fairly clear that Enron manipulated natural gas and electricity 
prices through with holding supply – something that would not have been possible if Enron did 
not have market power.  In Great Britain, analysts have questioned whether the lack of 

competition in electricity leads to prices significantly above marginal cost.   The issue is 
relevant in the context of forward price proj ections for financial models because one must  
forecast prices from marginal cost.   

 
Constructing simulated volatility in prices once demand and supply curves are established can be 
accomplished by the following step by step process: 

 
1. Create a monthly demand volatility simulation through transforming the annual volatility to 

monthly volatility and assuming that the monthly demand follows a normal distribution without  

mean reversion.  The monthly volatility is computed from the assumed annual volatility of 5% 
through dividing by the square root of twelve (the number of periods per year).  Once this is 
established, compute a twelve month period through using the standard formula:  

 
Monthly Demandt = Monthly Demandt-1 + Monthly Demandt-1 x NORMSINV(RAND()) x Volatility 

 

2. Create a data table that applies the alternative monthly demands to the price simulations 
discussed above where demand is combined with supply (i f you do not remember how to 
make data tables, refer to Chapter 3).  The data table uses the demand as  the column input  

and the price as the output as illustrated below:  
 

Demand Input 5,000

Annual Volatilty 5.000%

Monthly Volatility 1.443%

Simulated 

Demand From 

NORMSINV

Price from 

Suply and 

Demand

Percent 

Change in 

Monthly 

Price

80.00

1 5,000.00 80.00

2 5,039.75 80.00 0%

One 3 5,160.82 90.00 12%

Way 4 5,117.56 80.00 -12%

Data 5 5,045.41 80.00 0%

Table 6 4,962.81 80.00 0%

7 4,989.34 50.00 -47%

8 5,002.84 50.00 0%

9 4,956.56 50.00 0%

10 5,018.94 80.00 47%

11 4,977.25 50.00 -47%

12 5,099.75 50.00 0%

Average/Standard Deviation 68.33 26%

Annualized Standard Deviation 90%  
 

3. Construct a macro to perform a simulation using a FOR/NEXT Loop combined with the 

CELLS function.  Record the simulated average price and the simulated annual volatility 
shown in the table above in separate columns.  The macro code is listed below:  
 

 
Sub simulate() 
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Application.ScreenUpdating = False 
 

For i = 1 To Range("simulations") 
 
Cells(i + 10, 10) = Range("vol") 
Cells(i + 10, 11) = Range("avg_price") 

 
Application.StatusBar = " Iteration " & i 
 
Next i 

 
Application.StatusBar = False 
' 
End Sub 

 
4. Use the FREQUENCY function to present the data that is listed in from the macro.  Recall that  

the FREQUENCY function is an array function whereby you press SHIFT, CNTL and ENTER 

to complete the function. 
 

Calibrating Marginal Cost Projections to Historic Prices  
 

Obtaining approximate data for an entire industry that can operate in global markets to make a marginal 
cost projection is certainly not an easy process.  If you are able to gather data,  it is also a good idea to 
check whether the modeling process is reasonable through applying the data to historic prices (which can 

be even more difficult.)  The idea of using history to calibrate models is similar to the inherent difference 
between corporate models and project finance models discussed in Chapter 2 where it was noted that a 
primary difference between the analyses is that historic data exists for the corporate models.  Calibrating 

actual prices to simulated prices given actual supply curves and demand should be done to understand 
pricing behavior in the industry as well as to test the supply and demand model.   
 

The exercise of calibrating prices to costs involves two steps.  The first step is simulating marginal costs 
through using actual demand and supply data as described above.  The second step is evaluating 
differences between marginal cost and prices and determining whether the differences between cost and 

price will continue.  For example electricity power pools in the U.S., U.K., and other places in the world 
use a Dutch auction that mimics the process of determining prices by measuring the cost of the most 
expensive unit running on the system.  However, instead of using variable costs, the pools allow 

participants to make bids that do not necessarily mirror the cost of the unit.  The bidding strategy of 
companies (such as holding back a block of capacity) can cause market prices to deviate from marginal 
cost. 

 
Whether or not prices precisely match marginal cost, simulation of marginal cost provides guidance for 
developing forward price curves.  Marginal cost analysis should be used in the development of forward 

prices even if markets are not perfectly competitive.  If we know that prices will be a certain amount above 
or below marginal cost, or that prices will be a certain percentage above or below marginal cost, it is still 
crucial to forecast marginal cost in order to quantify the effects of changes in the structure of the market.  

In other words, changes in marginal cost due to changes in the supply curve or changes in demand will be 
highly correlated to changes in market prices.  Therefore, even if prices are higher than marginal cost 
because concentration of firms creates market power, if demand increases or a plant outage causes 

supply to decrease, one would still expect changes in market prices to mirror changes in marginal cost.  
 

Market Price = Marginal Cost + Adjustment factor  

 
or,  

 

Market Price = Marginal Cost x (1 + Adjustment factor)  
 
 

Price Elasticity and Demand Response with Constrained Capacity  
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All of the discussion in the above paragraphs made two crucial assumptions that affect both the level and 
the volatility of prices.  The first assumption is that demand is not at all responsive to price and the 

second is that the level of fixed demand remains below the total capacity in the market.  In this section 
these assumptions are relaxed and pricing mechanisms are evaluated in situations where total capacity in 
a market is deployed and the market is cleared through demand respo nses to price.  The effect of 

demand elasticity is analyzed through explicitly incorporating alternative elasticity parameters into the 
demand curve during periods when the demand comes close to the maximum supply in a market.   
Incorporating demand elasticity involves inputs that are even more difficult to access than the industry 

supply and demand data.  This does not mean that elasticity considerations should be ignored – the 
elasticity concepts can explain how prices move from surplus conditions to const rained situations and 
why high levels of volatility can occur when prices increase.  

 
The issue of demand elasticity and supply constraints has many policy implications in addition to the 
analytical issues.  Without demand responsiveness to price, the whole idea of marginal cost pricing would 

not have much meaning in terms of economic efficiency.  This is because under the assumption of 
perfectly inelastic demand, when prices change,  the level of production in the economy does not  change  
and no resources are allocated through the pricing mechanism.  If demand is a straight vertical line, then 

the quantity produced in the market will be defined by that line (unless there are shortages) and a market 
clearing price mechanism (as opposed to regulated prices) does  not change the market supply.  Alfred 
Kahn discusses this idea that the behavior of business and individuals drives prices to marginal cost

6
: 

 
 But why does economic efficiency require prices to equal marginal, instead of, for example, 

average total costs?  The reason is that demand for all goods and services is in some 

degree, at some point, responsive to price.  Then, if consumers are to decide intelligently 
whether to take somewhat more or somewhat less of any particular item, the price they have 
to pay for it (and the prices of all  other goods and services with which they compare it) must 
reflect the cost of supplying somewhat more or somewhat less -- in short, marginal 

opportunity costs.  
 
Because of the idea that demand elasticity is a driver of economic efficiency, the amount of electricity 

reduction that comes about from changes in price is an important factor in establishing competitive 
market systems.  In one assumes that consumers do not change their usage when prices change, then 
the level of price established from a competitive market does not affect economic efficiency in terms of 

the manner in which plants are operated.  For example, if a system establishes prices to suppliers but not 
to consumers (this is the case for a single buyer market), the operation of power plants is not affected by 
changes in demand that respond to price changes.  In the case of electricity, the demand response to 

price has been the subject of lively debate in explaining the California crisis and in policy arguments 
involving the benefits of deregulation.  In particular, some advocates of a market system suggested that 
since the market system in California did not de-regulate prices at the retail level for most customers and 

most customers did not see the very high de-regulated wholesale prices in their electric bills, demand was 
kept artificially high.  The suggestion is that the crisis would have been far less costly if the market system 
had allowed customers to see prices which would have induced reductions in demand because of price 

elasticity.  Others argue that electricity has small elasticity in the short -run at any price and demand 
response has not been caused major shifts in demand in any de -regulated market.  
 

From an analytical perspective, prices can be established when demand is driven by non-price factors 
such as weather and economic  activity is high relative to the total capacity in a market  through including 
demand elasticity in the framework.  The demand relative to capacity has been the case for goods like 

copper, steel and many other things as demand from China and other countries is putting pressure on the 
amount of available capacity in the market.  For other products such as transoceanic ships, the surplus 
capacity after the financial crisis has not reduced. To model marginal costs in circumstances where there 

is no surplus capacity, a few adjustments are necessary to the framework described above.  First, the 
supply curve is modeled as a vertical line when the capacity limit is reached.  This means that  supply is 

                                                                 
6
  Kahn, Alfred P. “The Economics of Regulation, Volume One.” 
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perfectly inelastic no matter what is the price level and the total amount of production cannot be 
increased.  Second, since the supply curve is a straight line, i f the demand curve is also a straight line to 

the right of the supply curve, then supply will not equal demand and shortages will occur.  Without 
constraints on prices from regulatory or other mechanisms, prices could attain high enough levels such 
that demand would cease to be a straight line but instead would slope downward until pric e matches the 

vertical level of supply.  Third, as the slope of the supply curve is not constant across different levels of 
production, so to the demand elasticity should not be the same for different levels of demand.   
 

Market clearing prices with the three adjustments is illustrated on the graph below.  After the maximum 
capacity is reached, the supply curve becomes vertical.  The base demand would be above the supply 
without elasticity.  Instead, when the price increases above 90, demand elasticity is introduced.  The 

elasticity parameter of -.2 means that for every percent change in price, there is a .2% change in the 
quantity demanded.  
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In describing how prices can be resolved in periods of constrained capacity it is not argued that this 

system is somehow ideal and leads to economically efficient outcomes.  Because prices increase 
dramatically increase when demand must be reduced to clear the market, the profit of suppliers can 
increase sharply.  Needless to say, suppliers like the price spikes and will attempt to do things that make 

the market reach conditions of constrained supply which increases their return on investment to very high 
levels.  Where active competition exists along with strong demand response because of high price 
elasticity and the potential for storage is in place, the problem is less severe.  However in the case of 

electricity, allowing prices to increase dramatically is controversial.  If a bidding system for electricity is 
implemented, suppliers can play games such as withholding capacity which prompts very high prices and 
high profits for suppliers.  Theorists who believe that markets can operate efficiently assert that price 

elasticity can moderate the effects of price spikes when capacity is constrained.  A major issue 
surrounding the question of whether electricity markets can operate efficiently without some kind of 
government intervention is whether demand response to price signals can be meaningful when capacity 

is constrained.  If demand is sensitive to price in the short-term, price volatility will be less and it will be 
more difficult for suppliers to manipulate the market. 
 

The mechanics of establishing a graph like the one above involve the following the following steps in 
addition to the method discussed above:  
 

1. The supply curve must be adjusted so that it becomes a straight line when the limit of total 
capacity is reached.  
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2. Demand elasticity must be incorporated into the demand curve so that it has a downward 
slope.  

3. The resolution of prices is computed by finding the point at which surplus demand or surplus 
supply is zero rather than matching the demand to the cumulative capacity.   

 

To compute the supply curve with capacity constraints one can extend the supply on a vertical basis once 
the maximum capacity has been reached.  This represents the fact that no more supply can be offered 
than the maximum capacity and that when the maximum capacity is reached, consumers can bid higher 

and higher prices in order to be in the group that can be supplied.  The mechanics of computing the 
supply curve in this situation is to add rows with prices above the maximum cost of production and 
present a large range of different prices along with the maximum capacity as follows: 

 
Step 1: Establish a price increment to use for additional rows after the maximum capacity is reached (e.g. 

US$5/MWH).  After sorting the capacity that can be supplied, add the capacity increment to 

additional rows.  The increment can be added using an IF statement with the sorted cost where 
the existing cost does not exist. 

 

Sorted Cost = If(Sorted Cost, Sorted Cost, Previous Cost + Increment)  
 
Step 2: Create a TRUE/FALSE switch variable – named the sufficient capacity switch below -- that 

distinguishes rows with available capacity from rows after the highest available capacity.  The 
switch can be computed by testing whether the price is above the highest cost of production for 
the available capacity. 

 
Switch = Sorted Cost > Maximum Cost 

 

Step 3:  Use different formulas for various items including the accumulated capacity as a function of the 
When the switch variable is TRUE, increment the accumulated capacity using the previous 
capacity and when the switch is false, simply use the last increment of the capacity .  

 
Applying these formulas, an extended supply curve is illustrated in the table below:  
 

 

Price Incement 5.00

Max Production Cost 90.00

Capacity Cost Counter

Small to 

Sort Cost

Sort Key 

with 

Match

Index 

from Sort 

Key

Index of 

Capacity 

from Sort 

Key

Marginal 

Cost/Price

Cummul 

Capacity 

After Sort

Sufficient 

Capacity 

Switch

Plant A 200 28.00 1 24 5 Plant E 700 24.00 700 TRUE

Plant B 1500 90.00 2 28 1 Plant A 200 28.00 900 TRUE

Plant C 1200 50.00 3 43 4 Plant D 1100 43.00 2000 TRUE

Plant D 1100 43.00 4 50 3 Plant C 1200 50.00 3200 TRUE

Plant E 700 24.00 5 75 6 Platn F 400 75.00 3600 TRUE

Platn F 400 75.00 6 90 2 Plant B 1500 90.00 5100 TRUE

95.00 5100 FALSE

Total 5100 100.00 5100 FALSE

105.00 5100 FALSE

110.00 5100 FALSE

115.00 5100 FALSE

Supply Curve

 
 

 
 
Once the supply curve is extended, a demand curve can be created that incorporates price elasticity of 

demand.  Incorporating price elasticity of demand in cash flow models can be useful in certain 
circumstances separate from the price elasticity associated with constrained supply.  For example, if you 
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are making a forecast of traffic on a road under different toll  rate assumptions, you may want to measure 
changes in the volume of traffic given the alternative prices.  Similarly, if you are evaluating a policy 

alternative for an electric utility distribution company where prices increase, you may want to include the 
effect of the increased price on the quantity of electricity sold in the cash flow model.  Even though pri ce 
elasticity adjustments such as the examples above are rarely made, they are theoretically appropriate 

and can have important effects on cash flow and valuation.  The discussion below addressing how to 
implement price elasticity in a supply and demand analysis can be applied directly to cash flow models as 
a component of the revenue assumptions. 

 
Price elasticity is defined as the percent change in quantity divided by the percent change in price.  The 
long-term price elasticity is often measured in regression analysis where the quantity demanded in an 

industry is related to income and other factors as well as price.  If the demand and price data are 
expressed in logarithmic form, the price elasticity can be plopped out of the equation as illustrated below:  
 

Log(Demand) = A + B x Log(Income) + Price Elasticity x Log(Price) 
 
The price elasticity required for modeling demand in the short -term is very different than that computed 

from demand equations analogous to the one shown above (although the price elasticity used directly as 
an assumption for cash flow forecasts can include both long-term and short-term elasticity.)  When 
consumers react to price changes in the short-run it may be difficult to find information, change capital 

equipment, or even modify basic behavior such as switching off lights.  Modeling of demand response 
requires estimation of price elasticity during short-term periods when capacity is constrained implies that 
price elasticity is computed for periods when prices are much higher than usual.  The assumption that 

price elasticity is the same during low price periods and high price periods may not be reasonable.  While 
attempts have been made to estimate the elasticity and the cost to consumers of outages has been 
measured, the notion that a price elasticity parameter for constrained periods when prices are high can 

easily be computed from historic data is probably fantasy.  Needless to say, computing the demand curve 
with price elasticity is more difficult than establishing the supply curve (assuming data is available.)   
 

Even if estimates of price elasticity are not precise, the process of modeling demand that result from 
alternative elasticity parameters can be an instructive exercise.  To see how this process works, begin 
with the definition of price elasticity, which is the change in price divided by the change in quantity  (when 

computing price elasticity it is better to use the LN function than to use discrete percent changes. )  In 
logarithmic form, the formula for elasticity is: 
 

Elasticity = Ln(Q1/Q0)/Ln(P1/P0) 
 
If the LN function is applied rather than expressing elasticity in discrete percent changes (e.g. Pct Chg = 

(Q1/Q0)-1) the elasticity does not depend on the order in which the data is arranged as Ln(P1/P0) = - 
Ln(P0/P1).  The idea that use of logs results in more stable elasticity calculations is illustrated in the table 
below.  After presenting a series of quantities and prices, the first block computes price elasticity using 

discrete percent changes where the percent change is f rom the previous price (e.g. (100/91.29-
1)/(10/12)-1)) while the second block uses the current value divided by the next value.  In this table the 
same price and quantity data shown on the left results in different and changing elasticity while the use of 

logs results in constant elasticity and values do not depend on the starting point of the formula.   
 

Q P Pct Chg Q Pct Chg P Elasticity Pct Chg Q Pct Chg P Elasticity Pct Chg Q Pct Chg P Elasticity

100.00 10 0.10 -0.17 -0.57 (0.09)       0.18         -0.5

91.29 12 -8.7% 20.0% -0.44 0.08 -0.14 -0.56 (0.08)       0.15         -0.5

84.52 14 -7.4% 16.7% -0.45 0.07 -0.13 -0.55 (0.07)       0.13         -0.5

79.06 16 -6.5% 14.3% -0.45 0.06 -0.11 -0.55 (0.06)       0.12         -0.5

Discrete Pct from Prior Value Discrete Pct from Next Value Use of LN

 
 

 

To implement the formula in a supply and demand analysis to derive prices, the following steps can be 
used:  
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1. Establish a base demand as a starting point that is labeled Demand0.  This level of demand is 

the theoretical demand if the price would be very low and it may be very difficult to establish. 
For cash flow forecasts, the base demand would be the level of demand associated with a 
given level of prices derived from some kind of sales forecast or traffic projection.  

  
2. In both cash flow forecasts where price elasticity is used directly and in the supply and 

demand exercise, the price is given and you would like to compute the sales quantity.  Given 

the price labeled P below, the quantity demanded can be derived from re-arranging the price 
elasticity formula above as follows: 

 

Demand = EXP(Ln(P/P0) x Elasticity) * Demand0 

 

 If the long-term and short-term price elasticity is included in a cash flow model, the same 

equation can be used with a series of different lags where the demand in a future period 
depends on the price change in an earlier period.  The derivation of the above equation can 
help you remember how to write the formula in excel and keep the elasticity in the EXP 

function: 
 

Elasticity = Ln(Q1/Q0)/Ln(P1/P0) 

 
Elasticity  x Ln(P1/P0) = Ln(Q1/Q0) 

 

EXP(Elasticity  x Ln(P1/P0)) = Q1/Q0 
 

EXP(Elasticity  x Ln(P1/P0)) x Q0 = Q1 

 
 

3. To implement elasticity in analysis of marginal costs, one can assume the elasticity is zero or 

very low when there is sufficient capacity to meet  demand and then assume that elasticity 
comes into play when prices increase.  Using this framework an equation can be used where 
the change in quantity from one price increment to the next is driven by the price elasticity 

parameter applying the equation above as follows where the elasticity has a negative sign.  
The equation and an example of how to set-up a spreadsheet is shown below: 
 

Quantity1 = Quantity0  x  EXP(LN(P1/P0) x Elasticity) 
 
 

Base Demand 5,379.00

Marginal 

Cost/Price

Cummul 

Capacity 

After Sort

Sufficient 

Capacity 

Switch Elascity Demand Curve

24.00 700 TRUE 0.00 5,379.00

28.00 900 TRUE 0.00 5,379.00

43.00 2000 TRUE 0.00 5,379.00

50.00 3200 TRUE 0.00 5,379.00

75.00 3600 TRUE 0.00 5,379.00

90.00 5100 TRUE 0.00 5,379.00

95.00 5100 FALSE -0.20 5,321.15

100.00 5100 FALSE -0.20 5,266.84

105.00 5100 FALSE -0.20 5,215.69

110.00 5100 FALSE -0.20 5,167.39

115.00 5100 FALSE -0.20 5,121.66

120.00 5100 FALSE -0.20 5,078.25

125.00 5100 FALSE -0.20 5,036.95

130.00 5100 FALSE -0.20 4,997.60

135.00 5100 FALSE -0.20 4,960.02

140.00 5100 FALSE -0.20 4,924.07

Supply Curve
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The final step is to compute prices that can be established either from situations where adequate capacity 

exists or from situations in which the capacity is constrained and prices are established from the vertical 
portion of the supply curve along with the demand curve.  To accomplish this, one can simply make a 
calculation of the surplus demand (the total demand less the accumulated capacity) at each price.  Once 

the surplus demand is computed, the level at which it reaches zero is the clearing price.  Since prices are 
computed in increments and the surplus demand will be highest when the production cost and the 
accumulated capacity is low, the level of surplus demand will gradually decline until it becomes a negative 

number.  In general, because increments of price are chosen, there will be no point at which the surplus 
demand is exactly zero.  Instead, the MATCH function can be used with a switch of -1 at the end.  The -1 
switch named greater than in excel will find the row number at which the surplus demand remains 

positive.  The market clearing price should be where the supply exceeds demand by a small amount and 
therefore it should be the row subsequent to the row found by the match statement.  Finally, once the 
supply is established, the market clearing price can be found through using the INDEX function where the 

array of prices are used together with  the row number from the MATCH function.  
 
An illustration of market clearing prices that include both periods where supply is constrained and where 

surplus capacity is available is presented in the table below.  Note that demand declines from increases 
in price and the surplus demand keeps falling and eventually becomes negative.   The market  clearing 
price is the level where the first negative surplus demand occurs.  

 
Match Row 15

Clearing Price 135

Cummul 

Capacity 

After 

Sort

Marginal 

Cost of 

Prod

Sufficient 

Capacity 

Switch

Extended 

Supply

Extended 

Prices Elasticity

Demand 

Curve

Surplus 

Demand

700 24.00 TRUE 700.00 24.00 0.00 5,679.00 4,979.00

900 28.00 TRUE 900.00 28.00 0.00 5,679.00 4,779.00

2000 43.00 TRUE 2,000.00 43.00 -0.02 5,630.48 3,630.48

3200 50.00 TRUE 3,200.00 50.00 -0.02 5,613.52 2,413.52

3600 75.00 TRUE 3,600.00 75.00 -0.10 5,390.47 1,790.47

5100 90.00 TRUE 5,100.00 90.00 -0.10 5,293.08 193.08

FALSE 5,100.00 95.00 -0.10 5,264.54 164.54

FALSE 5,100.00 100.00 -0.10 5,237.60 137.60

FALSE 5,100.00 105.00 -0.10 5,212.11 112.11

FALSE 5,100.00 110.00 -0.10 5,187.92 87.92

FALSE 5,100.00 115.00 -0.10 5,164.91 64.91

FALSE 5,100.00 120.00 -0.10 5,142.98 42.98

FALSE 5,100.00 125.00 -0.10 5,122.02 22.02

FALSE 5,100.00 130.00 -0.10 5,101.97 1.97

FALSE 5,100.00 135.00 -0.10 5,082.76 -17.24

FALSE 5,100.00 140.00 -0.10 5,064.30 -35.70

FALSE 5,100.00 145.00 -0.10 5,046.56 -53.44

FALSE 5,100.00 150.00 -0.40 4,978.59 -121.41

FALSE 5,100.00 155.00 -0.40 4,913.72 -186.28

FALSE 5,100.00 160.00 -0.60 4,821.00 -279.00

FALSE 5,100.00 165.00 -0.60 4,732.81 -367.19

FALSE 5,100.00 170.00 -0.60 4,648.79 -451.21

FALSE 5,100.00 175.00 -0.60 4,568.64 -531.36

FALSE 5,100.00 180.00 -0.60 4,492.06 -607.94

FALSE 5,100.00 185.00 -0.60 4,418.82 -681.18

FALSE 5,100.00 190.00 -0.60 4,348.68 -751.32

FALSE 5,100.00 195.00 -0.60 4,281.43 -818.57

Base Supply Extended Supply

 
 

 
Market clearing prices resulting from demand curves with alternative price elasticity characteristics are 
illustrated on the graph below assuming the same supply curve.  When capacity is constrained, the graph 

demonstrates that estimates of the price elasticity of demand become the driving force behind the 
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difference in market clearing prices.  Prices increase from about 125 to about 200 if the demand elasticity 
is reduced.  From an analytical perspective this may be unfortunate because price elasticity is such an 

important variable and it is so difficult to estimate price elasticity during times when capacity is constrained 
in a market.  To derive price elasticity one would have to first know periods during which capacity is 
constrained.  Next, one would have to determine other points on the demand curve and make a 

computation of the elasticity.  On the other hand, when production is not constrained and demand is  
inelastic, the supply curve is the primary determinant of the price.   
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Understanding the theoretical process for determining prices may be interesting, but the question remains 

how to apply models such as those described above in practical financial analyses and valuation.  In 
practice it is difficult to gather cost data on an entire market and it is even more challenging to make 
estimates of the price elasticity of demand.  However, even if a comprehensive model of supply and 

demand within an industry is not created because of time and/or data constraints, the general theory can 
be useful in formulating price assumptions for a financial model.  The principles of understanding the 
shape of the supply curve, the level of surplus capacity in a market, demand responsiveness to price 

changes and prospective supply additions in the market can have dramatic effects on price and quantity 
assumptions that drive financial models.  This type of analysis can apply to ports, airplanes, hotel rooms, 
copper prices, oil rigs container ships and many other things.  The analysis should make the danger of 

assuming a trend line derived from historic levels of prices obvious in situations where there is a risk of 
surplus or deficient capacity.  In forecasting costs and margins, the danger is forecasting that low input  
costs which were present when surplus capacity exists will continue into the future.   

 

Chapter 42: The Unavoidable Problem of Making Long-Run Price 
Forecasts through Evaluating Carrying Charges, Equilibrium Long-
Run Marginal Cost and Congestion Costs 
 
To value an investment, price forecasts are needed for long periods of time and, depending on the type of 
investment being valued, price forecasts are also required for sub-periods over the course of each year.   

In the case of electricity discussed above price forecasts may be required for each hour of each year.  If 
marginal costs are to guide price forecasts, then marginal costs are required for different time frames – 
over the long-term as well as for shorter time periods.  Long-term marginal cost differs from the analysis 

above in that it derives the total cost of new capacity that be just sufficient enough encourage new 
developers to build capacity.  For example, in the case of oil, the long-term marginal cost would be the 
cost at some mysterious place in the world where prices would justify the exploration, development and 

production – including a reasonable return on investment – just enough to add new capacity.  This  
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mysterious place would be the place with the lowest total cost per barrel that could meet the required 
added demand in the world.  As stated above, some consider deep water drilling in the Gulf of Mexico or 

extraction from the oil sands in Canada to drive the long-run marginal cost. 
 
To illustrate the use of long-term marginal cost in forecasting prices for purposes of valuation, consider the 

case of natural gas and the dramatic difference in prices between prices in Europe and North America 
after the exploitation of shale gas.  In North America there was a large surplus of natural gas that could 
not justify a return on investment over the long-run.  In Europe, the prices are much higher than the cost 

that would be necessary to make investments in shale gas.  This implies that over the long-run the prices 
should converge.  Historic natural gas prices and prices projected by the World Bank are shown in the two 
graphs below.  
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The long-term stable price or the long-run marginal cost can be reconciled with the short-term prices 

discussed in the previous section by considering how markets would work in circumstances of surplus  
capacity where prices come from the marginal cost of production and in situations where capacity is 
constrained and prices increase rapidly, driven by the demand curve and price elasticity.  The way in 

which these two cases can reconcile with long-term marginal cost is to imagine what should logically  
happen in each of these market conditions.  In the case with deficit capacity where prices are driven by 
price elasticity and returns to suppliers are very high, new suppliers will enter the market and reduce the 

periods of high prices.  In an ideal world, they would bring in just enough capacity so that prices are 
adjusted so that the return on new investment just equates to the cost of capital.  On the other hand, when 
surplus capacity exits, firms will not build new capacity until demand increases and prices are high enough 

to make a new investment. This ideal world where prices move to long-run marginal cost and stay there of 
course does not exist.  Even though no market may be in such a kind of stable situation,  imagining the 
equilibrium circumstance with just enough capacity to justify  new investments is a useful idea in 

constructing financial model assumptions. 
 
The idea of a stable market with prices approximating long-run marginal cost can be an important implicit 

or explicit requirement in cash flow projections and valuation analyses.  To illustrate the importance of 
long-term forecasting consider the following two examples: 
 

1. In a corporate forecast you want to make sure that the EBITDA in the terminal period is consistent  
with prices approximating the long-run marginal cost of production so that the forecast is not  
biased by over-supply or under-supply conditions.  If the price is above the long-run cost (because 

it is determined from the intersection of demand with constrained capacity as explained in the last 
section), the forecast will be too optimistic as firms will enter the industry and the high prices will  
not continue.  On the other hand, if the price is set from surplus capacity situations, the price is not  

sustainable in the long-run for a growing industry and the EBITDA projection may be too 
pessimistic. 
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2. In a project finance t ransaction there may be a period of guaranteed prices followed by prices that  
are computed from market forces.  A base case projection of long-term prices should be 

consistent with long-run marginal cost where there is a balanced supply and demand condition.   A 
low case where prices are chronically below the long-term marginal cost of production for many 
years may not be reasonable.  

 
Economists often distinguish between long-run marginal costs and short -run marginal costs when 
analyzing prices and output in an industry.  The long-run is typically defined to be a time period in which 

new capital stock can be deployed, while the short-run is a period in which the existing capital stock is 
held static.  When discussing marginal cost as a basis to project prices over the long run, the notion of 
having to distinguish between long-run and short -run marginal cost can cause confusion.  This distinction 

between long-run and short-run is problematic if one is to use value drivers and making price forecasts 
that are a part of cash flow projections.  If marginal costs are to be calibrated to market clearing prices but  
we then have to then ask whether the marginal costs are short-run marginal costs or long-run marginal 

costs, the marginal cost analysis is pretty much useless as a practical guide for price forecasting or 
valuation purposes.  Therefore, if marginal cost theory is applied in evaluating the future level of 
competitive market clearing prices, it is not useful to make artificial distinctions between short -run cost, 

long-run cost, incremental cost, or avoided cost. Part icipants in the market who buy and sell things make 
incremental consumption and production decisions on a short -term basis through evaluating their variable 
opportunity costs relative to market clearing prices.  Costs that vary in the short -run together with 

congestion costs that arise during capacity constrained periods are therefore the relevant guide for 
measuring competitive spot prices. Costs of building new capacity must be recovered to a significant  
degree from prices that occur during congested periods.  

 
Nobel laureate William Vickery considered the question of how to connect the short-run and the long-run 
when calculating marginal cost.  He asserted that the only relevant definition of marginal cost is the short-

run cost and that the costs of adding new capacity must be somehow incorporated in the short -run 
marginal cost.  Through working with this definition, the frustration of having to distinguish between long -
run cost and short-run cost is avoided, particularly for things like telecommunications , air transport,  

electricity and many other things that cannot be stored.  Vickery notes that this calculation of capacity cost 
can be accomplished through determining the cost of impaired service quality during periods when 
capacity is constrained (if the product can be stored, then the cost involves storage and cost of capital.)  

The implications of his writing is that recovery of capital can in fact be incorporated in short -run costs by 
allocating the capital costs to periods during which there is not sufficient capacity to meet the entire 
demand, defined as periods of congestion.  Vickery wrote:  

 
 In an ideal world, all prices would be set at short-run marginal social cost so that purchasers 

would have proper indications to make efficient choices among the various alternatives.  If 

this condition is not met, it would theoretically be possible to improve the lot of everyone by 
increasing the consumption of goods having prices in excess of short -run marginal cost and 
reducing the consumption of goods for which the reverse is true… 

 
 Short-run marginal cost … at a given instant and location has two main components: the cost 

to the [producer] on the one hand, and the cost in terms of impaired quality of service to other 

customers on the other…The cost of providing added [goods] to one customer when 
capacity is being fully utilized is the depriving of another customer …

7
 

 

Vickery applied this explanation to electricity power, but it can just as easily be applied to taxi service,  
airplane tickets, or toll roads (Vickery would ponder marginal costs of different things which can be a 
useful and challenging mental task when studying prices.)  If short-run marginal costs do not include the 

component for impaired quality during periods when demand must be constrained, then marginal  costs 
cannot recover capital costs for new investments.  Where prices are set at the variable opportunity cost of 
production without a return to capital, new capacity will never be constructed and the market-determined 

price does not allocate resources in an optimal manner.  The congestion, whether it is traffic jams, 

                                                                 
7
  See Kahn, page ___. 
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insufficient electric power, long waiting periods for wind mills, inability to make phone calls, or insufficient  
airplane seats will just get worse and worse.  In computing the value of impaired quality, Vickery 

reconciled recovery of capital costs with short-run marginal costs through describing hypothetical hourly  
rental payments for capital equipment during congested periods:  
 

 The marginal cost assignable at a given time … can be obtained by imagining that equipment 
could be rented by the hour in a competitive market, assuming that the equipment could be 
transferred costlessly from a depot to place of use and back.”

8
   

 
When renting equipment by the hour, the equipment owner whose business it is to rent  out  equipment  
would have to recover the fixed costs of his equipment including all of his financing costs in congested 

periods as the equipment would be transferred back to the depot in periods when there is no congestion.   
In doing this he would somehow have to predict how many hours his equipment would be used at various 
prices.  If his rental rate was too high, he would lose business.  If his rental rate was too low, he could not  

recover his own capital cost.  From the perspective of the companies renting out equipment, rental rates  
that recover fixed costs of financing equipment over short time periods when all  capacity is utilized would 
surely be very high.  Recovery of these rental charges through marginal cost allocated to c ongested time 

periods would then also be very high.  Practical application of Vickery’s ideas to measurement of marginal 
cost requires one to define times during when capacity must be rented (constrained periods) as well as  
hypothetical short term rental rates that recover the cost of capacity. 

 
Vickery’s ideas can be directly applied to the pricing of electricity in competitive markets.  While he  made 
his wrote his ideas years before de-regulated pricing of generation, his statements extreme price spikes 

since capacity costs of generating capacity built for providing power only during high demand periods 
must be recovered only in the congested hours.  The definition of marginal cost that integrates short-term 
cost with long-run cost also explains the high volatility in capacity prices that remain near zero form many 

periods and then suddenly spike.  This notion  that there is only one relevant measure of marginal cost 
also explains how price spikes recover capital investment and at the same time cover only short-term 
variable costs of operation.   

 
Measurement of Long-Run Marginal Cost 

 
 Before delving into the details of analytical models that project long-term prices, it is instructive to review a 

few economic principles with respect to price determination and capacity expansion in an industry.  The 
basis for modeling long-term marginal cost is that prices must ultimately be sufficient to cover the cost of 

constructing and operating new plants including a return on capital.  A forecast where prices are continue 
to be above the long-run marginal cost for an indefinite period is not logical because developers then have 
an incentive to build more and more new capacity which will cause the market to move into a surplus  

capacity condition and prices will  decline.  Similarly, forecasts that result in price below long-run marginal 
cost implicitly or explicitly assume investors construct new plants that lose value.   Models that assume 
developers can continually earn high profits or models that assume losses persist over an indefinite period 

are not plausible over a long time period.   The only rational long-term price forecast is a model that  
converges to an equilibrium level where investors earn returns that correspond to the cost of capital 
associated with new plants.   

  
 Calculation of marginal capacity cost requires converting the total investment cost of a new plant into 

costs on a periodic basis (recall the example above where rental rates for equipment determine the 

marginal capacity cost.)  To apply the rental o f equipment analogy in practice, rental rates are computed 
per year, per month and per hour.  Conversion of capital costs to annual levels also permits one to 
determine whether market  prices over the course of a year will be sufficient to yield the required return of 

investors.  The percentage factor that converts an investment cost into an annual amount is known 
alternatively as the annual capital recovery factor or the annual carrying charge rate.  From an accounting 

                                                                 
8
 Vickery, William, Efficient Pricing of Electric Power Service, Resources and Energy, Volume 14, April 1992, North 

Holland, Page 158. 
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perspective, the carrying charge rate is the sum of depreciation expense plus operating income plus  
income taxes divided by the debt and equity used in financing the investment.  

 
Costs for almost any type of capacity that is constructed to meet demand for a product is driven by a few 
key items including: 

 
1. The capital expenditures that must be made for the equipment and the number of units of 

production the expenditure will generate. 

 
2. The time it takes to construct the project. 

 

3. The fixed and variable operation and maintenance costs that will be incurred for the new capacity. 
 

4. The capacity utilization of the new capacity. 

 
5. The operating li fe of the capacity. 
 

6. The cost of capital required to be earned for an investment to be made.  
 

7. The cost of decommissioning the project. 

 
To measure the long-term marginal cost, you have to be able to make an estimate of each of these 
factors.  For some industries such as electric power, acquiring data on these items is straightforward 

(except the cost of capital); for other industries such as extraction, the data is less facile to obtain because 
the costs depend on areas of the earth where new capacity can be constructed.  The relative importance 
items of in the list can vary in a dramatic way from one industry to another.  If the capital cost per unit is 

high relative to the variable and fixed operating cost and the lifetime of assets is long, then the cost of 
capital has a large effect on the long-run marginal cost.  If the lifetime is short, the operating costs are high 
relative to capital cost and the construction time is short, then the cost of capital has less influence on the 

long-term cost.  In addition,  where the construction time is short and the capital intensity low, the 
vulnerability of an industry to chronic periods of surplus capacity and deficit capac ity is lower.  One could 
argue that industries with high capital intensity also have a higher cost of capital because of this factor.   

When the cost of capital is so high that investors are afraid to make new investments, one could argue 
that some kind of market regulation is required.  
 

The long-term marginal cost is sometimes computed and named something else.  In the electricity 
industry, the term levelized cost of electricity is applied in evaluating bids for long-term power and in other 
contexts.  Other terminology may be the break-even prices for building new equipment or the price 

required for building new capacity. In the renewable energy industry, the notion of whether grid parity can 
be achieved whereby the cost of constructing a new wind, solar, hydro, biomass or other renewable 
projects can become competitive with conventional power such as natural gas, coal or oil plants.  To 

illustrate how long-term marginal cost is computed for a wind farm, assume that the cost of building the 
plant is US$ 2,000 per kW; the capacity factor is 35%; the operating and maintenance costs are 2.5% of 
the capital cost or US$ 50 per kW per year. Further assume that the lifetime of the wind turbine is 20 years  

and the cost of capital is 7%.  To compute the long-term marginal cost (in US$ per MWH which is a 
standard measure of price in the industry), the following step by step process could include:  
 

1. Compute the annual price level required to recover the capital investment.  To do this the capital 
cost of US$ 2,000 per kW must be translated to an amount per kW per year.  This can be 
accomplished by computing a number that when brought to present value, yields the cost of the 

project.  This process is accomplished in excel using the PMT function which accepts the cost of 
capital, the lifetime and the present value of the project.  The result of the process yields a number 
in terms of kW per year instead of per kW.  In working through these issues, keeping track of the 

units in terms of size – kW versus MW – and in terms of time – year or hour or single period – is  
essential.  
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Cost/kW/Year = PMT(Cost of capital, 20 years, - US$ 2,000/kW) 
 

The PMT function with a cost of capital of 7.5% results in a cost per kW per year of US$ 
188/kW/year as shown below. 
 

 

Item Unt

Capital Cost US$/kW 2,000.00

Cost of Capital Percent 7%

Lifetime Years 20

Carrying Cost US$/kW/Year 188.79

 
 

 The cost of capital has a large effect on the relative amount of carrying cost that is required for a 
given construction cost.  For example if the cost of capital is 10% instead of 7%, the carrying cost 
increases by almost 25%.  

 
2. The capital cost above assumes that the construction occurs in one single period. If investors  

must spend money to construct the plant and wait until after the construction period to begin 

recovering their investment, the amount of annual carrying cost must be increased.  To compute 
the adjustment for construction periods, one can compute the relative cost of constructing a 
project when the project is spread over a long period versus the cost of immediately constructing 

the project.  To compute the cost incurred from spreading costs, one can simply compute the 
present value of the construction expenditures.  The ratio of the cost without accounting for the 
present value to the present value can be used to increase the carrying cost  using the formulas 
and table below.  The ratio of the carrying cost to the capital cost or the carrying charge rate can 

also be computed at this stage:  
 

Present Value of Construction Cost = PV(Periodic Construction, Discount Rate)  

 
Factor = Present Value of Construction/ Installed Cost  

 

Adjusted Carrying Cost = Carrying Cost/(1+Factor) 
 

Carrying Charge Rate = Adjusted Carrying Cost/Capital Cost 

 
 
Item Unt

Construction Period Months 18

Period Month 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5

Switch Switch TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

Monthly Rate Percent 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57% 0.57%

Discount Rate Factor 1.00 0.99 0.99 0.98 0.97 0.97 0.96 0.96 0.95 0.95 0.94 0.94 0.93 0.93

Constrution US$/kW 111.11 111.11 111.11 111.11 111.11 111.11 111.11 111.11 111.11 111.11 111.11 111.11 111.11 111.11

PV of Construction US$/kW 1,901.86

Construction Factor Percent 95%

Adjusted Carrying Cost US$/kW/Year 198.53

Carrying Charge Rate Percent 9.93%  
 

 

 The construction period can have quite a large effect on the carrying charge rate.  For example, i f 
the construction period is 60 months instead of 18 months, the carry ing charge increases from 
9.93% to 11.13%. 
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3. The third step of the process requires converting the annual carrying cost to an hourly price as the 

prices are computed on the basis of US$ per MWH rather than US$ per kW per year.  In making 
the conversion the kW must be translated to MW and the years must be translated to hours.  This  
is accomplished through multiplying the carrying charge by 1,000 and then dividing the result by  

the hours of the year.  Finally, since the project is not used for all  of the hours of the year, the 
8,760 hours must be multiplied by 30%.  The result of this calculation is the capital cost recovery  
in US$ per MWH:  

 
Capital Cost Recovery in US$/MWH = Capital Cost in US$/kW/year x 1,000/(8760 x 30%)  

 

Item Unt

Capacity Factor Percent 30%

Hours per Year Hours 8,760

Hours Operated Hours 2,628.00

Adjusted Carrying Cost US$/kW/Year 198.53

Adjusted Carrying Cost US$/MW/Year 198,527.87

Adjusted Carrying Cost US$/MW/hour 75.54  
 

4. The fourth step of the process is to add operating and maintenance expenses to the capital cost 

to determine the total long-run marginal cost.  The cost of US$ 50/kW/year can first computed to 
an amount per MWH.  This accomplished in a similar manner as above where the cost is 
multiplied by 1,000 and divided by 8,760 hours multiplied by 30%.  This results in an operation 

cost of US$ 19.03.  
 

Item Unt

Capacity Factor Percent 30%

Hours per Year Hours 8,760

Hours Operated Hours 2,628.00

Operating Cost US$/kW/Year 50.00

Operating Cost US$/MW/hour 19.03  
 

 
5. The final step is to add the operating cost to the carrying cost to determine the total long -run 

marginal cost.  In this case the total cost of US$ 94.57/MWH primarily consists of capital cost.  For 

other kinds of electricity plants such as natural gas plants consists much more of fuel cost.   
 
When evaluating the long-run marginal cost, the cost of new capacity that can be constructed with the 

lowest cost determines the marginal cost.  The reason for computing levelized costs of renewable 
resources as discussed above is because the renewable resources would not be constructed without  
some kind of subsidy.  The graph below illustrates the levelized cost of alternative electricity technologies  

(derived from data published by the Energy Information Agency.  Given this data (which is very sensitive 
to fuel price and capacity factor assumptions) the long-term marginal cost is the cost of the lowest type of 
capacity that can be built in a region.  
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One of the issues in computing long-term marginal cost is that  assumptions are changed, the cost can 
change dramatically.  This is particularly true when in capital intensive industries with respect to the cost of 

capital and the resulting carrying charge rates.  To illustrate how changing a couple of assumptions can 
affect the long-run marginal cost, on-shore wind costs are compared to natural gas costs in the table 
below (creation of data tables like this was described in Chapter 2).  By changing the gas price 

assumption and the cost of capital assumption, the percentage difference b etween the technologies varies  
between 62% and 204%.  With a constant gas price of US$ 6.00/MMBTU the cost difference changes 
from nothing to 46% just by changing the cost of capital.  

 
 

2.00% 3.00% 4.00% 5.00% 6.00% 7.00% 8.00% 9.00% 10.00%

3.00 157% 164% 171% 178% 184% 189% 194% 199% 204%

4.00 132% 139% 146% 152% 158% 164% 170% 175% 180%

5.00 114% 120% 127% 133% 139% 145% 151% 156% 161%

6.00 100% 106% 112% 118% 124% 130% 135% 141% 146%

7.00 89% 95% 101% 106% 112% 118% 123% 128% 133%

8.00 80% 86% 91% 97% 102% 107% 113% 118% 123%

9.00 73% 78% 83% 89% 94% 99% 104% 109% 114%

10.00 67% 72% 77% 82% 87% 92% 96% 101% 106%

11.00 62% 67% 71% 76% 81% 85% 90% 95% 99%
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Mechanics of Carrying Charge Calculations  
 
The analysis above used a simple calculation of the carrying charge rate – the annual level of revenues 
relative to the level of the investment  -- using the PMT function.  This calculation of carrying charges was 

simplistic incomplete.  Carrying charge factors that recover the investment and cost of capital over the life 
of a plant require a variety of finance and tax assumptions that span the lifetime of an electricity 
generating plant.  The level of carrying charges depend on the cost of equity and debt capital, the income 

tax rate, the property tax rate, the lifetime of the asset, the construction period, the life and method of tax  
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depreciation, and the capital structure.  In computing carrying charge for purposes of evaluating the long-
run marginal cost, the time pattern of recovery over the long li fetime of a plant  also affects the calculation 

in a big way.  The time pattern of annual revenues relative to construction cost should in theory replicate 
year-by-year price trends that are expected to occur in the industry which depends on projected inflation 
and expected real rates of productivity improvement of competing technologies.   

 
According to finance theory, the level of the carrying charge rate should be independent of the manner in 
which an asset is financed.  This theory involving the conservation of risk derived from Modigliani and 

Miller is described in Chapter 4 along with alternative approaches that can be used to measure the 
appropriate cost of capital for a plant.  In practice, the theory of independence between financing and 
valuation has not been applied and the financing structure has a large effect on the cost of capital and the 

new investments in an industry.  In the electric power industry for example, the financing structures used 
to build plants have been very diverse ranging from state ownership or cooperatives that use all debt  
financing and are able to obtain low interest rates to merchant power plants that require a substantial 

equity base and are subject to the scrutiny of credit analysts.  Although the alternative financing structures 
allocate risks in different ways to consumers and investors and should not theoretically affect valuation,  
differences in the financing structures are in used in practice to compute carrying charges.    

 
The effect of alternative financing structures on carrying charge factors is illustrated below assuming no 
inflation and no changes in productivity over the li fetime of the investment.  Carrying charges are 

computed using a project finance model where the required price is inflates over time and are also 
computed assuming an asset is financed with a constant level of debt and equity over its li fetime.   
Carrying charges for the latter case with constant financing are computed in the initial year assuming 

prices are allowed to inflate and also computed on a levelized basis.  Finally, prices in the first year of an 
asset’s life are computed assuming the asset earns a constant return on equity over its life.  In each of the 
scenarios, the equity cash flow earned by the asset produces the target rate of return.  The table below 

shows assumptions for various alternative financing structures including a base case with 50% debt  
financing; a case with 80% debt financing; and a case with 100% debt financing.  Along with the debt  
financing a range of different tax assumptions are made along with a case without inflation.  The table 

demonstrates that different financing, cost of capital,  tax and inflation assumptions have a large effect on 
the carrying charge.  In addition, the type of financing structure – project finance or traditional finance – 
also has a large effect on the carrying charge rate.  The carrying charge rate ranges from a low of 3.74% 

in a case with rapid tax depreciation and high debt financing to a high of 14.17% in a case with a short  
economic life using a first year carrying charge rate that comes from  
 

Base 

Case

No 

Inflation No Taxes

Straight 

Line Tax

Short Tax 

Life

High 

Debt

High 

Debt 

Short-tax

High 

Debt 

High IRR

High 

Debt Low 

IRR All Debt

Short 

Economic 

Life

Inflation in Price 3% 0% 3% 3% 3% 3% 3% 3% 3% 3% 3%

Tax Rate 40% 40% 0% 40% 40% 40% 40% 40% 40% 40% 40%

Debt Percent 50% 50% 50% 50% 50% 80% 80% 80% 40% 100% 50%

Equity Percent 50% 50% 50% 50% 50% 20% 20% 20% 60% 0% 50%

Interest Rate 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%

Required Equity Return 8% 8% 8% 8% 8% 8% 8% 12% 8% 8% 8%

Economic Life 30 30 30 30 30 30 30 30 30 30 20

Tax Life 20 20 20 30 5 20 5 20 20 20 20

Decline Factor 2 2 2 1 1 2 2 2 2 2 2

Carrying Charge Rates

Project Finance 6.13% 8.51% 5.65% 6.98% 5.18% 4.88% 3.74% 5.93% 6.55% 4.05% 8.07%

Traditional Finance 6.40% 8.88% 5.65% 6.98% 5.74% 5.31% 4.73% 6.69% 6.76% 4.58% 8.21%

Levelized Price 9.30% 8.88% 8.06% 10.15% 8.35% 7.95% 7.09% 9.86% 9.74% 7.01% 10.79%

Constant ROE 12.50% 12.50% 9.83% 12.50% 12.50% 10.00% 10.00% 11.33% 13.33% 8.33% 14.17%  
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Time Pattern of Carrying Charges without Inflation and Productivity Changes 
 

Mistakes in computing annual carrying charge rates can distort  investment  decisions.  If inflation is not  
reflected in the carrying charge rate when assessing the cost of an investment, investors will  believe 
prices have to be higher than they really must be in order to compensate owners .  Alternatively, if 

investors do not consider future obsolescence in computing the carrying charge rate, they may 
inappropriately believe prices adequate to support an investment when the market prices are in fact not  
high enough.   

 
In a world with no inflation or productivity changes, the level of capital recovery depends on cost of capital,  
tax rates, tax depreciation and the life of the asset.

9
  Without inflation, there are two general methods for 

computing carrying charges once the investment cost, the cost of capital and tax parameters have been 
established.   The first method termed the “regulatory approach,” yields the same return on equity in each 
year.  The second method is computing a level price amount to recover capital from year to year that  

yields an internal rate of return equivalent to the cost of equity capital. I label this method as the “levelized 
carrying charge” approach.  The mechanics of this approach involve setting up a cash flow worksheet that  
includes income taxes, interest costs and cash flow to equity over the plant life.  A cash flow model is used 

to derive the capacity price level that will permit investors to earn their hurdle rate of return.  The cash 
includes investment made to construct the plant and income tax payments.  The cash flow analysis covers  
the lifetime of the investments and reflects tax depreciation parameters allowed for the plant.  Required 

revenues are computed on an iterative basis to establish the amount that yields the return level.  
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The regulatory approach was implicitly used in computing revenue requirements under rate of return 
regulation.  This method yields a declining pattern of cost recovery over the lifetime of a plant.  As equity 

investment declines because of either accumulated depreciation and accumulated deferred income taxes, 
the money required to support the this pre-determined return on equity also declines.  Over the li fetime of 
the investment, the cash flow to equity declines, but the internal rate of return on equity cash flow 

produced by the plant equals the required rate of return on equity.  The accompanying graph 
demonstrates the year by year prices required to support an investment of $350/kW assuming a return on 
equity of 12% is earned in each period, a real debt cost of 7.5%, an income tax rate of 40%, straight line 

depreciation and debt leverage of 50%.  The levelized line on the graph is computed by deriving the price 
required to yield an internal rate of return on equity of 12%.  The first year carrying charge rate using the 
regulatory approach is 17.08% that results in an annual capacity charge of $59.8/kW/Year while the 

levelized method results in an annual capacity charge of 13.28% or $46.5/kW/Year.   

                                                                 
9
 In a situation with no inflation, the cost of capital is only the real rate without inflation.  For example, if the nominal 

rate of return in 10% and the expected inflation rate is 3%, the real rate of return is (1.10/1.03) or 7%.    
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If the productivity of the asset relative to other new investments does not change over the life of a plant  

(i.e. there is  no economic obsolesce or changing maintenance requirements) the year-by-year capital 
recovery consistent with competitive markets is simply a level amount in real terms over the life of the 
plant.  The declining pattern of capital recovery therefore does not generate prices that would occur in 

competitive markets.  A “proof” that the prices are not sustainable is that i f one company is building a new 
plant while another is towards the end of its useful li fe, the model would suggest two different market  
clearing prices – a violation of the basic principle of a single price in economics.  Indeed, the declining 

capital recover pattern in the “regulatory” model has created significant distortions between capital 
intensive and fuel intensive plants, has caused “rate shock” and has resulted in significant misallocation of 
resources.  In a world without inflation and where the productivity of an asset does not change over the life 

of the asset, the only capital recovery model that is consistent with a single price for the same product is a 
level recovery over the li fe of the asset.

10
   

 

Incorporation of Inflation in Carrying Charge Rates 
 
If levelized carrying charges are computed using "nominal" cost of capital -- one that implicitly includes a 
component for expected inflation – this method produces distorted results for purposes of simulating 

prices and assessing cost recovery.  In this section I demonstrate that for the purpose of evaluating 
market prices, the capital recovery calculations must be adjusted so that the dollar amount of capital 
recovery  increases with expected inflation over the life of the asset.  In economic  parlance, this simply  

means the prices are level in real terms.  While computing real carrying charge may be obvious to 
economists, the mistake is made so often in practical applications, it warrants some discussion.    
 

If a levelized capital recovery rate is used in evaluating prices, the “nominal” carrying charge is  multiplied 
by the current dollar value of plant investment.  The calculation results in an amount that is used to assess 
whether market prices for the current year enable capital recovery of a new plant.  Presumably, in the next 
year, the same calculation would be made – multiplying the nominal carrying charge by the now inflated 

investment cost.  However, since the investments are priced at the new price levels – including increases 
in investment cost reflecting inflation – the capital recovery amount would increase in the next year.   
Therefore, use of a level nominal carrying charge calculation accounts for inflation twice -- once in the 

carrying charge, and again by using current price levels in measuring plant value.  Problems with the 
method of multiplying nominal discount rates by current prices have been noted by noble laureate William 
Vickery: 

 
 In a context of inflation, conventional methods of accounting and rate of return result in 

a front-end loading of costs that is at odds with efficient pricing….A treatment more in 

line with efficient pricing would be to … combine real depreciation … with real interest 
…

11
    

 

Dr. Vickery continues by observing that methods of multiplying nominal cost of capital by current prices 
"result in serious distortion." 
 

The example introduced in the last section can be adjusted to rectify problems associated with double 
counting of inflation.  I label the approach that corrects for expected inflation as the economic approach.   
Correcting the levelized approach for inflation involves deriving the initial year price -- with subsequent  

prices escalating with inflation -- that results in the target rate of return.  If the expected inflation rate is  

                                                                 
10

 The “traditional” regulatory model where prices are set from net investment multiplied by the weighted 

cost of capital can be adequate for assessment of alternative investments.  For purposes of investment evaluation in a 

world that does not have competitive forces, this does not distort investment analysis.  However, in assessing the 

time path of competitive price levels that must recover investment costs, the “regulatory” approach has serious 

flaws. 
11 Vickery, William, " Efficient Pricing of Electric Power Service".  Resources and Energy 14. 1992. North Holland 



 

 
Chapter 6 Marginal Cost Principles and Forecasting Prices                                                     Page 40 

above zero, the initial year price computed using this method will be lower than the levelized price that is  
constant in each year.

12
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Assuming a rate of inflation of 3% per year, a nominal required internal rate of return of 12% and a debt  
rate of 7.5% results in price patterns as shown in the accompanying graph.  The graph includes the 
levelized carrying charge approach, the approach where prices inflate as described in this section and the 

“regulatory” approach described above.  Even though I show the carrying charge for each year on the 
graph, the only number directly used in assessing the investment cost relative to market prices is the initial 
year price.  The method that accounts for future inflation in carrying charges results in a first year carrying 

charge rate of 11.25% and a capacity charge of $39.4/kW/Year -- 15% below the levelized method and 
34% below the regulatory method. 
 

 
 

 
Over the past decade, many investments have been financed on a project basis.  In a project finance 

situation, the debt must be repaid to yield an internal rate of return on equity sufficient to justify the initial 
investment.  The project finance framework can be effective in measuring the required capital recovery  
because it is representative of real world financing in competitive markets and because it provides a 

method by which prices can be associated with a particular investment.  Using an internal rate of return of 
14% on equity, and financing parameters representative of a contract and merchant priced projects results 
in carrying charges shown in the table below.   I have included  a scenario with 100% equity financing 

because of the difficulty of obtaining debt financing on peaking plants with no contracts.  Operation of the 
project model is described in Section 1.2 of the workbook where you can input different return levels, 
leverage amounts and other factors and assess the resulting capital recovery requirement.  

 

                                                                 
12

  The constant real carrying can be reconciled with project finance models through a debt repayment structure 

combined with a debt reserve that is used to make interest payments in early years of the plant life.  
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Impacts of Changing Productivity Changes in Carrying Charge Rates 

 
Over the long lifetime of an electric generating plant, the nature and productivity of generating technology 
can change dramatically.  Productivity can be defined as the dollar value of fuel and capital inputs relative 
to the amount of electricity produced.    If the productivity of new generating plants increases relative to 

existing plants, the effective revenue the plant can earn from competitive prices to recover capital cost will  
decline.  Changes and variability in productivity are important issues in time series analysis discussed in 
Chapters  2, 5 and 6.  New technology of electric plants should result in a lower real capital cost or better 

heat rates of the plants (the fuel input relative to the electricity output).  Carrying charge rates should 
incorporate expected improvements in productivity over the economic life of a plant. If the expected 
productivity of future new plants increases relative to the current technology, all else being equal, the 

amount of required capital recovery per year in the early years of the life of a plant should increase.  
 
Assuming new plants are subject to the same environmental constraints as existing plants, productivity of 

new plants should improve relative to existing plants.  If management systems remain constant, firms can 
always choose to employ existing technology and achieve the now current levels of productivity.  In the 
future, productivity can either stay the same or get better.  One would not after all  expect managers to 

employ inferior systems and technologies.  Productivity improvements in electricity generation are noted 
by Peter Rigby of Standard and Poor’s: 
 

 Technology also presents its special forecasting problems.  Some models that Standard 
& Poor’s has reviewed assume no technological improvement in generation technology.  
GE’s recent announcement of a 5% efficiency gain in its new “H” series gas turbine 

emphatically underscores the failings of the static technology assumption.  A review of 
the US Department of Energy’s Clean Coal Research Program also suggests that static 
technology assumptions, even for coal, may be weak.  The coal research program is 

targeting coal fired generation efficiencies over 65% by 2015 – a target well above 
today’s typical 39%.

13
 

 

Adjusting carrying charge rates for changes in expected productivity is straightforward from a th eoretical 
perspective.  However, practical application of changes in productivity is rarely addressed in pricing and 
financial applications.  In Appendix 1 to this chapter a framework is presented for computing expected 

changes in productivity to electricity generation.  The expected productivity changes relevant for 
computing carrying charge rates are amounts that are projected to occur rather than risks that the 
productivity may vary above or below the expected level.  The variability in productivity is incorporated in 

the carrying charge through the risk premium inherent in the required cost of capital.  
 
 

Long Run Marginal Cost for a Single Technology 
   
A misunderstanding of long-run marginal costs has caused the destruction of massive amounts of capital 
in the merchant power industry.  Price forecasts used by developers in Argentina assumed that an 

inefficient capacity mix would remain in place and low water flows.  Market price forecasts in the Northeast 
US did not consider the dramatic increase in capacity that was occurring from plants being developed.   
These forecasts assumed prices in the long-run would be above the level required to operate and 

financing a natural gas combined cycle plant.  Before addressing how marginal cost is affected by the 
capacity mix, the marginal cost of a single technology – a natural gas combined cycle plant -- is 
discussed.  While this simplification does not reflect any optimization in capacity mix, the cost of a new 

plant is a good benchmark for evaluating the more complex analysis that considers multiple plant types.   
Some markets such as Singapore, Australia and New Zealand have used the cost of an NGCC to 
represent long-run marginal cost and form the basis for bilateral contracts.   
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 Rigby, Peter N. “Risks from Left Field: Is There a Problem with Pricing Models?”  The 15
th
 Annual Global Power 

Markets Conference.  April, 2000. 
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Long-run marginal cost measured with a proxy of the cost of building and operating an NGCC plant  
involves adding variable costs to fixed charges and assuming that the plant operates at a level reflective of 

the load factor in a market.  Assuming that fixed costs are computed from the carrying charge analysis 
above, the long-run marginal cost can be computed with the following formula:  
 

Long-run Cost/MWH =  (Variable Cost/MWH + Fixed Charges/MW/(8,760 x Capacity Factor) 

 
In this formula, the fixed charges depend on the fixed O&M cost/kW, the carrying charge rate and the 

capital cost of the plant.  Long-run cost assuming a 59% capacity factor, various different carrying charge 
assumptions and a series of gas prices is illustrated in the table below.  Section 1 of the workbook 
describes how the calculations are developed using a project finance model, a data table and a macros.  

 
 
 

 

Productivity 

Trend Equity IRR

Carrying 

Charge 

($/kW/Year)

Carrying 

Charge Rate

Fixed 

Charge 

($/kW/Year)

All Hours 

Energy Price

All In Price at 

100% 

Capacity 

Factor

Weighted 

Energy Price

All In Price 

at 100% 

Capacity 

Factor

75% Leverage No 12% 47.43          10.54% 57.43           44.00           51.54           49.50           62.28          

40% Leverage No 12% 61.56          13.68% 71.56           44.00           53.39           49.50           65.42          

75% Leverage No 15% 53.63          11.92% 63.63           44.00           52.35           49.50           63.66          

40% Leverage No 15% 75.32          16.74% 85.32           44.00           55.20           49.50           68.48          

75% Leverage Yes 12% 54.64          12.14% 64.64           44.00           52.49           49.50           63.88          

40% Leverage Yes 12% 70.91          15.76% 80.91           44.00           54.62           49.50           67.50          

75% Leverage Yes 15% 60.66          13.48% 70.66           44.00           53.28           49.50           65.22          
40% Leverage Yes 15% 85.16          18.93% 95.16           44.00           56.49           49.50           70.67          

Combustion Turbine Carrying Charge Generation Price with 10% for Ancillary Service

  
 

 

Capacity Cost and Energy Cost in Electricity and Recovery of Fixed Costs 
 
The marginal cost based pricing model described above where clearing price is variable cost of the 

highest cost unit that is being dispatched has a conceptual flaw because investors in new generating 
plant do not earn a reasonable profit level in the long-run.  The fact that the model is not sustainable can 
be demonstrated by considering how investors in new peaking capacity earn profits on their investment.  

If electricity prices are limited to the marginal operating cost of most expensive generating unit operating, 
the highest level prices can reach in any hour is the operating cost of the capacity with the most 
expensive variable operating cost -- peaking capacity.  In hours when the new peaking plant does not 

operate, the plant does not earn a profit.  In hours when the plant operates, the price is equal to its 
variable operating cost and the plant also does not earn a profit.  This means that owners of a peaking 
plant do not earn sufficient revenues to make contributions to the fixed costs of maintaining the plant 

much less the fixed capital costs required to finance the new plant. 
 

The issue of how prices derived from short-term marginal cost can compensate owners for capital 

investment is not new and it is not unique to electricity.  Indeed, more than two centuries ago Adam Smith 
suggested that market clearing prices could be established for toll bridges – capital intensive investments 
with very low short-term marginal cost and varying traffic usage that cannot be provided by carrying 

inventory.  Since then, the pricing of capital intensi ve investment has continued to be an intriguing subject 
for economists.  The explanation below presented by Alfred Kahn recounts a famous toll bridge example 
which considers how prices should be established in different time periods . 
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The description of pricing during congested pricing periods described above is not applicable to all  
products.  Much of the problem is created by the fact that demand varies by time period and the benefits  

of crossing a bridge cannot be moved from one time to another.  When products can be stored in 
inventory such as clothes, jewelry, food, real estate or oil, the problem of congestion is not a major issue.  
For these products, as long as demand is increasing, the price must cover capital cost or inventory stocks 

 
 will not be replenished.  Further, the toll bridge example must be modified if it is applied to situations 
where a product can be produced with multiple different types of technology.  If there is only  one type of 

technology and consumer demand in various hours during the year either causes the plant to be fully 
used or partially used, the toll bridge example can be applied in a straightforward manner.  Computation 
of marginal cost using these congestion pricing concepts requires definition of congested periods when 

the activities of one consumer cause some kind of cost to another,  computation of financing charges that 
recover costs in short periods, estimation of price elasticity during congested periods and the cost 
structure of production plants used to produce electricity. 

 
The hypothetical discussion above assumed that there are only two possible levels of demand in a year 
(100 hours of congestion and 8,660 hours of non-congestion) and there are only one or two types of 

generating plants.  For actual systems, the level of demand varies in each hour and there are many plants 
with different heat rates, different fuel costs and different outage characteristics.  In the presence of 
multiple different types of base load, cycling and peaking plants in a market region, marginal energy costs 

are computed from the intersection of a supply curve and a demand curve on an hour by hour basis.  The 
supply curve is developed through ranking all of the plants in a region according to their variable cost.  
The demand curve is generally driven by weather and economic activity rather than by price in all  but the 

very high load hours.  The high cost of customer outages implies demand is very inelastic except for hours  
when the price is very high.   
 

 
 
Historically, the marginal cost of generation has been measured in the electric industry by separating 

costs into marginal energy cost and marginal capacity cost as summarized in the formula above.  Marginal 
energy cost includes fuel, variable operation and maintenance and environmental costs of plants that must 
be operated to meet energy consumption requirements.  The marginal capacity costs are measured by 

computing a hypothetical rental cost for a peaking plant that represents the lowest cost way to insure that  
enough capacity is available to insure that consumption requirements can be met at the peak time.   
 

To compute the cost of producing energy to meet consumption requirements, the denominator is a small 
change in consumption of electricity and the numerator is the cost of that small change in demand.  The 
energy cost is computed by recognizing that plants which will change the way they operate given small 

Congestion Pricing and Recovery of Toll Bridge Capital Costs 
 
Economists have long been bemused by Dupuit’s and Hotelling’s historic example of the bridge and the strong 
case that they made against maintenance and capital costs that do not vary significantly with the rate of utilization.  
[This implies that the marginal cost of crossing the toll bridge is zero.]  But what if charging a zero toll would, at 
least at certain hours of the day, produce such an increase in traffic that cars lined up for miles at the bridge and 
crossing took an hour ins tead of a few minutes?  In that event, the short-run marginal cost of bridge crossings, at 
those [congested] times, is not zero.  It can be envisioned in terms of congestion: the cost of every bridge crossing 
at the peak hour is the cost of delays it impos es on all other crossers.  Or [the cost of crossing at congested times] 
can be defined in terms of opportunity cost: if A uses the bridge at that time, he is taking up space that someone 
else could use; therefore the cost of serving him is the value of that space or capacity to others who would use it if 
he did not… 
 
The off-peak users impose no costs on society, provided their demand is sufficiently slight and inelastic that even 
at a zero toll no congestion occurs at the time they cross over.  The incremental costs of serving off-peak users are 
zero and may remain so indefinitely.  This is the case even if the off-peak demand grows over time and continues 
to be satisfied without congestion only because the bridge’s capacity is being expanded.  The necessity for 
expansion is imposed by customers at the peak hours.  It remains true that if one or all of the off-peak users 
ceased to cross the bridge, briefly or permanently, society would be saved no costs whatsoever. 
  
Notice how the intensity and elasticity of demand help determine the level of marginal costs.  For those hours of 
the day at which demand is insufficiently strong or responsive to a toll covering only operating expenses, marginal 
costs include only those operating expenses; for those times of the day at which demand is strong or so responsive 
to a lower toll as to cause congestion, marginal cost necessarily includes capital costs as well.  
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changes in consumption are the last plants to dispatch which are generally the plants with the highest  
operating cost.  Once marginal cost is computed for a single hour, it can be averaged over the course of a 

year using the following formula: 
 

 Marginal Energy Cost in a Year = 

  ∑Hours (Cost of Last Unit to Dispatch in Each Hour)/Hours of Use in a Year  

 
 

The capacity cost part of the marginal formula requires definition of how rental charges on a peaking plant  
will be computed and how units of capacity can be computed.  If the price only covered marginal energy 
costs, the total capital and operating costs of plants would not be able to profitably operate.  The rental 

cost is defined as the carrying cost of a plant and the units of capacity are defined as the number of hours  
in a year that capacity in a system is stressed.  The denominator of the capacity  cost piece of marginal 
cost is traditionally made by attributing some hours to peak periods when use of electricity is relatively  

high.  The rationale for this allocation between time periods is driven by the fact that  electricity cannot be 
stored, demand cannot be delayed, and the opportunity cost of outages experienced by customers is very  
high. For these reasons, electricity capacity is required to produce energy in peak periods, even though 

the capacity is not necessary for most times of the year.  Therefore, if a customer reduces usage during a 
congested peak period, the need for construction of new capacity should be reduced.  On the other hand,  
if usage is reduced at off-peak times, there is no change in the requirement  to build capacity and there is  

no marginal capacity cost.  This means the marginal cost of capacity during periods of time when not all of 
the capacity in a system is needed is zero.  For usage that occurs during non-congested non-peak 
periods, the surplus of available capacity built for peak usage is simply a by-product of the need to have 

capacity available for peak periods.  Therefore, the marginal capacity cost of off-peak capacity (the by-
product of on-peak capacity) is zero.  
 

  Marginal Capacity Cost = (Annual Carrying Charge of Peaking Unit +  
   Annual Fixed Operating Cost of Peaking Unit)/Hours of Peak Use in a Year 

 

The definition of marginal cost in the above formula is known as the “peaker” method and is of limited 
practical use for analysis of future market prices or plant valuation.  The approach does not consider the 
status of existing supply (for example, whether there is excess capacity or an uneconomic capacity mix) .  

The approach also ignores the services of peaking plants that are not related to insuring capacity is 
available (a new combustion turbine may produce energy for quite a few hours over the course of a year).   
Finally, the approach crudely allocates the cost of a peaking plant to a set  of peak hours.  A better 

definition of long-run marginal cost of generation includes the opportunity cost of three economic  
resources – fuel, variable operation and maintenance costs and the forgone “utility” during capacity 
shortages that results from consumption of electric energy.   

 
Next move to how the marginal cost concepts can be practical.  If do not need to attribute to individual 
hours, can simply compute the cost of a single plant that  will  be the marginal unit in the system.  For this  

need do define carrying cost or rental rate.  In more complex situation where mul tiple types of plant can 
efficiently meet new load, need to understand how optimal type of capacity is constructed when load 
changes.  Finally, when need to evaluate hourly prices, the full formula with costs allocated to hours must 

be computed.  Transition – need to compute annual carrying cost; next equilibrium long-run prices in the 
long-run.   
 

Equilibrium Long-Run Marginal Cost of Generation 
 

 
From airplanes to buildings to ships to Extend analysis because not only one technology is used.  
 

 
To illustrate the marginal cost based framework presented below, suppose you were asked to quickly 
make a long-term forecast of electricity market prices that will be incurred by an industrial facility that 

Congestion Pricing and Recovery of Toll Bridge Capital Costs  
 
Economists have long been bemused by Dupuit’s  and Hotelling’s historic example of the bridge and the strong 
case that they made against maintenance and capital costs that do not vary significantly with the rate of utilization.  
[This implies that the marginal cost of crossing the toll bridge is zero.]  But what if charging a zero toll would, at 
least at certain hours of the day, produce such an increase in traffic that cars lined up for miles at the bridge and 
crossing took an hour instead of a few minutes?  In that event, the short-run marginal cost of bridge crossings, at 
those [congested] times, is not zero.  It can be envisioned in terms of congestion: the cost of every bridge crossing 
at the peak hour is the cost of delays it imposes on all other crossers.  Or it [the cost of crossing at congested 
times] can be defined in terms of opportunity cost: if A uses the bridge at that time, he is taking up space that 
someone else could use; therefore the cost of serving him is the value of that space or capacity to others who 
would use it if he did not… 
 
The off-peak users impose no costs on society, provided their demand is sufficiently slight and inelastic that even 
at a zero toll no congestion occurs at the time they cross over.  The incremental costs of serving off-peak users are 
zero and may remain so indefinitely.  This is the case even if the off-peak demand grows over time and continues 
to be satisfied without congestion only because the bridge’s capacity is being expanded.  The necessity for 
expansion is imposed by customers at the peak hours.  It remains true that if one or all of the off-peak users 
ceased to cross the bridge, briefly or permanently, society would be saved no costs whatsoever. 
  
Notice how the intensity and elasticity of demand help determine the level of marginal costs.  For those hours of 
the day at which demand is insufficiently strong or responsive to a toll covering only operating expenses, marginal 
costs include only those operating expenses; for those times of the day at which demand is strong or so responsive 
to a lower toll as to cause congestion, marginal cost necessarily includes capital costs as well.  
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operates 24 hours a day and seven days a week.  You are asked to make this forecast without a fancy 
hour-by-hour “multi-regional” simulation model.  A natural place to start is by evaluating the current level of 

market averaged for all hours in the past year.  Next, you could estimate the level of prices at “equilibrium” 
where the price just covers the cost of constructing and operating new capacity.  Finally, you could use the 
capacity status in the market and the demand growth to assess how prices will move from current levels to 

equilibrium levels.  While this simple approach may not address specific plant  outages, variability in price 
spikes, changes in hydro conditions profitability of individual existing plants or generating unit ramp rates, 
your simple model includes evaluation of actual prices, forward fuel prices and changes in productivity that 

affect long-term prices, and behavior of merchants that affect how prices will move to equilibrium.  
 
This section presents a model for computing the long-run marginal cost of electricity using load duration 

curves and screening analysis of technology choice.   By combining some of the tools discussed above -- 
carrying charge rates, marginal energy costs, and capacity costs with a load duration curve, a relatively  
simple framework for computing long-run marginal cost can be developed.  The framework discussed 

below demonstrate how various marginal cost concepts can be applied in pricing analysis and it  
introduces some of the general issues associated with the more detailed forward price models  presented 
in the next two chapters.  Finally, albeit simple, long-run marginal cost analysis can be an effective tool in 

assessing whether complicated forward pricing models  with multi -regional transmission constraints, 
volatility premiums, price spikes and Monte Carlo simulation of plant outages are producing reasonable 
results.   

 
To use long-run marginal cost in evaluating price forecasts, the simple framework begins with marginal 
cost analysis in current markets – point A.  Next, long-run marginal cost with an optimal capacity mix is 

computed – point B.  Long-run marginal cost should be at a level that promotes construction of efficient  
new plants with multiple technologies and it should reflect varying loads throughout the year.  Finally, with 
current prices – point A -- and equilibrium long-run marginal cost – point B -- established, the simple 

framework should address how and when prices will move from current market levels to equilibrium.  
 
Current Energy and Capacity Cost Levels 
  
The traditional way marginal costs, prices and many other issues have been evaluated in the utility 

industry is to separate the analysis between capacity costs and energy costs. Marginal cost of energy is 
defined as the lowest variable cost of energy at generating units not currently producing energy for other 
uses (which is the same as the highest variable cost unit that is operating.)  Capacity cost can be defined 

as the lowest cost of available capacity to provide “insurance” that energy will be available drives pricing of 
capacity.  For example, electricity prices to industrial customers around the world are almost universally  
separated between demand charges for capacity and energy prices for energy usage.  This conventional 

method of separating capacity and energy costs and prices is often still applied in pricing and valuation 
analysis, but it is also possible to evaluate market prices that combine energy and capacity prices in one 
number through “financially firm” market prices.  

 
Current energy prices are related to marginal energy costs which in turn are the variable cost of the most 
expensive increment of capacity that is generating energy in any time period.  If not all of the available 

generating units on a system are operating, marginal energy costs are defined as the most expensive cost 
of the generating unit that is operating in an hour.  During low load periods  (assuming no market power),  
market prices are bid to the marginal cost levels.  During capacity constrained periods when all generating 

units are operating, the marginal cost of energy is not the cost customers would be willing to pay to be in 
the group of customers that is not curtailed as explained in the interruptible analysis below.  These 
subjects are addressed in detail in Chapters 3 and 4.  

 
One way to define the marginal capacity cost is the amount paid for firm electricity over and above the 
price of interruptible energy.  Using this definition, the capacity price is the rental cost of can be thought of 

as the cost of " firming-up" interruptible energy prices and guaranteeing that  energy will  be delivered.   
While the nature of capacity prices may change in a competitive market (i.e. capacity prices may not be 
expressed in terms of dollars per KW-year), some level of capacity price must exist to keep existing plants 

operating and to promote the construction of new plants.   
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To illustrate computation of current market prices consider the PJM market prices  in 2004.  The monthly  

moving average for the all -hours price for energy was around $40/MWH while the on-peak price was 
about $50/MWH and the off-peak price was about $30/MWH.  These energy prices do not include 
ancillary services have been approximately 10% of the energy price.

14
  Although market  prices for 

capacity are traded, the analysis below addresses what price level would exist if new peaking capacity 
were financed to make the firm-up the energy prices.  If energy prices approximately reflect marginal cost, 
the combination of energy prices and the cost of firming-up capacity is the marginal cost that reflects the 

current capacity mix.  The new peaking plant to be financed is assumed to have a capital cost of $450/kW 
(including all development, overhead and working capital) and fixed operation and maintenance expenses 
of $10/kW per year.  The capacity cost of the peaking plant is computed using debt leverage of 40% and 

75% and an equity rate of return of 12% or 15%.  Finally, the carrying charge is computed with and 
without an assumed improvement in productivity. 
 

Once the capacity cost is computed, the total price for energy used includes the total capacity price as 
well as the energy and ancillary charges.  If the capacity charge is a component of price for every hour in 
which power is purchased, the effective capacity per MWH depends on the number of hours of electricity 

used as demonstrated by the following formula:  
 

All-in Price/MWH =  Energy Price x (1+Ancillary Service Charge) 

   + [(Capacity Price/kW x 1,000)/(8,760 x Load Factor)]  

 
The table below shows the all-in price assuming electricity a 100% load factor and assuming the overall 

system load factor of 59%.  The capacity cost is also increased by 15% to reflect the fact that  a margin is  
added to capacity to assure that capacity will be available in case of an outage.  Assuming alternative IRR 
criteria, leverage ratios and the productivity trend assumptions, the capacity cost ranges from the 

$57/kW/Year to $95/kW/Year.  The range in capacity prices results in all-in electricity prices ranging 
between $51/MWH and $56/MWH for a customer who uses power for all hours.  For a hypothetical 
customer who uses power in a manner that results in a 59% load factor, the energy price increases 

because relatively more on-peak energy is consumed.  Further, because the total capacity cost must be 
recovered over fewer hours, the capacity cost increases.  With the higher energy price and capacity price 
at the 59% capacity factor, all-in prices range between $62/MWH and $71/MWH.   

 
capacity cost is $___/kW/Year.  When this is spread across all hours of the year, the capacity price is 
$___/MWH which implies the all in price is $____/MWH.  If it is assumed that the customer only uses 

power for half of the year, the energy price is a weighted average of the on-peak energy price and the off-
peak energy price.  hapter 5 describes how to compute current levels of capacity price in the market.   
 

  
 
 
 

Equilibrium Market Model and with Optimal Capacity Mix 
 
The above calculations of marginal cost either assumed that the current mix of capacity will remain in 
place or that only combined cycle capacity will be added to the system.  If costs can be reduced by 

construction and operation of multiple technologies, neither method reflects costs that would be incurred if 
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  PJM State of the Market, 2003.  Published on the PJM website (www.PJM.com).  
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an optimal capacity mix is used in producing electricity.  Use of a single plant to represent marginal cost 
will overstate long-run marginal costs if multiple technologies can be efficiently used to meet the 

requirements of a system with diverse loads.  In a market framework, long-run marginal cost and market  
clearing prices will be driven by the value investors realize from constructing alternative types of new 
capacity.  The equilibrium marginal cost converges to levels such that the net profit earned by investors is 

the same for developers who build different types of capacity.     
 
Equilibrium long-run marginal costs must result in different types of technology having the same value.   

The value of plants is the difference between prices and variable costs.  In the off -peak periods the 
capacity recovery is the difference between the market price and the variable cost summed over the hours  
that the plant operates.  The model at the end of this chapter demonstrates the recovery of capital cost 

from different types of technologies with varying tradeoffs between capital cost and variable cost.  
 
If the level of capacity and/or the mix of generating plants in a market region is not at an equilibrium level,  

the recovery of capital cost is not the same as the cost of new building plants.  For example, if there is too 
much peaking capacity in a region relative to the economic optimum, the net cost of capacity for base load 
plants – after recovery of variable costs from off-peak prices -- is less than the annualized cost of a 

peaking plant.     
 
 

Computation of long-run marginal cost in a market with multiple technologies begins with traditional 
screening curves and load duration curve analysis.  Screening curves compute the total price required to 
earn the required return by various technologies at different capacity factors.  The total price of each 

technology declines with higher capacity factor because fixed costs – fixed operation and maintenance as 
well as return on capital – are spread over higher MWH volumes.  Once fixed charges are established 
from summing fixed operation and maintenance costs plus carrying charges, the following formula can be 

used to compute required prices. 
 

Required Price/MWH =   (Variable Cost/MWH + Fixed Charges/MW/8,760)/MWH 

 
At low capacity factors, the fixed charges have more effect on the total required price while at high 
capacity factors, the variable cost matters more.  A screening analysis for three plants is shown on the 

graph below.  The peaking plant has a lower all -in cost at low capacity factors and the base load plant has 
a lower cost at higher capacity factors. 
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The second step of traditional analysis is integration of a load duration curve that defines energy 
production from various types of capacity.  Load duration curve analysis involves sorting loads over a year 

from the highest level to the lowest level and placing various different types of capacity underneath the 
curve.  Load duration analysis can be extended to incorporate the unscheduled maintenance outage of 
plants through computation of an equivalent load duration curve, but for now, a simple representation is  

used.
15

  The load duration analysis “fits” different types of technology underneath the curve until total 
energy requirements are met.  The total energy production divided by the number of hours and the 
capacity of the plant defines the capacity factor of the plants.  Load duration curve analysis is illustrated on 

the graph below.  
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The question to be addressed in capacity expansion analysis and in computing long-run marginal cost is 
determining what mix of capacity should be used in filling the load duration curve.  Three outcomes should 
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 See ____ for a discussion of how to create an equivalent load duration curve. 
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occur from computing the optimal mix.  First, the capacity factor of the plants should match the capacity 
factors in the screening analysis.  Second, the total cost including variable and fixed cost should be lower 

with the capacity mix than with any other mix of capacity.  Third, the net value of each technology should 
be the same.  Computation of the optimal mix can be made with the “solver” routine in spreadsheet  
programs once total cost is defined.  Mechanics of computing the solver to determine the best mix of 

capacity is discussed in Section 1 of the workbook using the general approach below: 
 

Set:   Capacity factor of each  technology to level determined in screening curve  

 
By Changing:   Weight of each capacity type 
 

Subject to:  Weights greater than zero; weights sum to one 

 
The use of load duration analysis has been around for a long time and it is very easy to accomplish with 

spreadsheet tools.  This method can also be used to compute long-run marginal cost by adding two 
simple concepts to the analysis.  The first concept is that the energy price in each hour is determined by 
the cost of operating the highest cost plant on the margin.  This notion is discussed in detail  in Chapter 3.   

The second concept is payment of a capacity price driven by the fixed cost of a peaking plant.  This notion 
is explained in Chapter 4.  Using the two simple concepts, a peaking plant does not earn anything from 
selling energy because the highest level energy prices can reach is the cost of running the plant.  Energy 

and capacity prices are determined by the following two basic formulas:   
 

Capacity Price = Carrying Cost plus Fixed O&M of Peaking Capacity  

 

Energy Price Hour = Variable Cost of Most Expensive Unit Operating Hour 

 

In this model the net profit earned by a peaking plant is zero because the most it can earn by selling 
energy is zero and because the capacity cost equals the fixed cost (including the opportunity cost of 
capital.) Once the peaking plant perspective is established, a similar notion implies that the net profit  

should be zero for other plant types.  For plants other than peaking plants, profit includes the amount  
earned from selling electricity at a price above variable cost aggregated on an hourly basis, less the fixed 
costs of the plant.   If one type of capacity were more valuable than another type of capacity, the market 

would not be in equilibrium.  This means that the value of new peaking capacity equals the value of 
building new combined cycle capacity which equals the value of building new base load capacity.  For 
example, i f the fixed cost of peaking capacity was $40/kW/Year, implying that all plants realize a capacity 

price of $40/kW/Year and if the fixed cost of NGCC is $113/kW/Year, the value realized from energy sales  
at market prices above variable costs of the NGCC plant must aggregate to $73/kW/Year ($113/kW/Year 
minus $40/kW/Year.)  The notion that each technology should have the same value is shown by the 

following formulas: 
 

Net Profit = Capacity Value + Energy Price – Fixed Costs – Variable Cost 

 
  and,  
 

Value of Energy =  
 ∑ Hours Max(Market Price of Energy  Hour - Variable Cost of Energy Hour)  

 

 

Value of Capacity  = Capacity Price – Fixed Cost 

 

 in equilibrium, 
 

Value of Peaking Capacity = 

 Value of Combined Cycle Energy + Value of Combined Cycle = 0  
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The accompanying graph shows for how much of the year the three plants are on the margin.  There are 

only three price levels on the graph because there are only three plants.  
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These equations mean that once the capacity mix is optimized, cost -based price of energy at different  
time periods and the cost-based price of capacity is also defined.   The cost-based prices establish the 
value of different technologies.  Therefore, long-run marginal cost in equilibrium can be computed from the 

load duration analysis and the analysis can be verified by assuring the net value of each new technology 
is zero.  Section 1.3 of the workbook includes a simple model with a peaking plant, a combined cycle plant  
and a coal plant.  The model computes market prices using a load duration curve relative to the minimum 

of available energy costs of technology in the market.  The capacity mix is varied until the net value of 
different types of capacity is the same.   
 

The tables and graph below present summary inputs and outputs of the long-run marginal cost model.   
This model can be used to test the effect how changes in variables affect long-run price outlooks.  For 
example, i f the capital recovery rate increases or the price of natural gas declines, the mix of coal 

declines.  If the heat rate on combined cycle plants improve or i f the capital cost of the coal plant  
increases, the mix of gas plants increase.  These changes in the capacity mix affect the amount of t ime 
plants are on the margin and the marginal cost of energy. 
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Transition from Current Levels to Equilibrium Levels 
 
The rate at which market clearing prices evolve from current conditions characterized by excess or 
deficient baseload or peaking capacity, to equilibrium pricing levels depends on a number of factors.  With 

the current market prices –point A -- and the equilibrium market prices – point C, we have a lot of 
information.  The question is how prices will move from point A to point C.  The move ment of prices 
depends on construction of merchant capacity, retirement of existing capacity, changes in productivity, 

load growth, movements in fuel price and many other factors.  The more complicated models developed in 
subsequent chapters measures how prices can change.  

 

Current market prices and marginal costs (computed from system lambdas) are presented in Chapter 2 for 
various different markets.  The data sources for finding market prices and marginal costs are documented 
there.  The economic derivation of energy prices that is the basis for current market prices is described in 

Chapter 3 and Chapter 8.  Capacity prices are covered in Chapter 4.  
 
We now have a lot of the building blocks to move ahead to analysis of risk associated with market prices 

and how to apply concepts of congestion pricing to market forward price projections.  Applying the risk 
analysis to the prices described above involves option pricing models, Monte Carlo analysis and project 
finance modeling.   

 
 

Appendix 1: Review of Electricity Price Trends 
 
Energy prices in general and electricity prices in particular are used to describe some of various concepts 
in this chapter because they are more volatile than prices in most other segment of the economy.  

Because energy prices fluctuate more than those of many other goods and services that the “headline” 
consumer price index reported in the press often excludes changes in energy prices.  Volatility caused by 
oil price shocks of the 1970’s caused worldwide economic turmoil and prompted policy makers to develop 

mechanisms that protect investors from price fluctuations (fluctuations are illustrated on the graph 
below

16
).   

 

To study the movement of any type of commodity price, you should begin by gathering data on trends 
and fluctuations in historic prices.  For electricity generation, the lack of storage means that inventory 
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 Data for various price series can be found at the survey of current business website, www.eia,gov.  Energy price 
data can be obtained from the Energy Information Agency website, www.eia.doe.gov and the international energy 
agency website, www.iaea.org. 

http://www.eia,gov/
http://www.eia.doe.gov/
http://www.iaea.org/
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cannot be used to moderate the effect of demand movements on price from one period to the next (the 
lack of storage for electricity would be tantamount to a grocery store having to have just the right amount 

of milk to meet the demand of each customer coming into the store at each instant).  Because of the lack 
of storage, observed price trends differ markedly according to how prices are compiled by time period – 
the historic patterns are very different if one reviews average annual price data than if one graphs hourly 

data.  Therefore, in examining electricity prices for purposes of developing mathematical models, the 
discussion of historic data is separated into investigation of annual, monthly, daily and hourly trends. 
 

As a prelude to review of market prices and development of mathematical models, one should consider 
what electricity prices should look like when the analytical process is finished.  Three basic characteristics 
of market prices for electricity that have been summarized by Graydon Barz and Blake Johnson

17
: 

 
1) Mean reversion of prices both in the short and long term, which is due to the fact that the supply 
curve defined by generating plant costs remains relatively stable over time (it takes a long time to 

build new plants);  

 
2) Generally smooth price changes from one time period to the next driven by smoothly fluctuating 

demand, punctuated by infrequent and temporary but dramatic upward price "spikes" whic h occur 
because of the high cost of supply shortages (electricity outages are very expensive to customers); 
and,  

 
3) Daily, weekly and seasonal correlation between price level and price volatility – implying that 

there is more variation in prices during periods of high price than during low price periods (due to 

the non-linear shape of the supply curve). 
 

After developing forward price models in this and the next few chapters, the picture of electricity prices 

that comes out of the analysis should be consistent with these three elements.  Conversely, if results from 
the modeling process do have these three characteristics we should be suspicious of the models.   
 

In addition to the output of models reflecting the above three characteristics, the input parameters in 
mathematical models should be in line with underlying economic factors that cause prices to move.   This 
implies that one should understand what economic factors cause parameters to be relatively high or low 

even though the time series are generally computed directly from historic price data.  Using an example 
from another industry, if one were forecasting the price for transporting bulk commodities with ocean 
carriers, the mean reversion parameter computed from the data should be consistent with the speed at 

which new ships can be built and old ships are disposed in response to demand changes .   
 
The manner in which some of the underlying drivers of electricity price movements affect times series 

parameters include:  
 

- The volatility parameter for electricity price models is driven by variation in loads (which are in 

turn caused by variation in weather and economic activity); volatility in hydro conditions; 
fluctuation in fuel prices; unexpected changes in the capacity added by new suppliers; and 
variation in the productivity of new technologies.  

 
- Mean reversion in electricity prices comes about because weather comes back to normal levels 

over time, water flows in rivers (hydro conditions) revert to long -run average levels, primary fuel 

prices for oil, gas, coal and other fuels exhibit mean reversion and developers of new plants react 
to over-supply ore under-supply conditions in the market.   
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 “Modeling the Price of Commodities that are Costly to Store: the Case of Electricity”, Graydon Barz and Blake 
Johnson of Stanford University.  Published in proceedings on energy risk management. 
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- Long-term trend parameters in electricity price time series equations are influenced by changes in 
productivity of new and existing supply including trends in fuel prices; changes in environmental 

cost; variations in the productivity and the real cost of constructing new plants; and, differences in 
the way consumers use electricity. 

 

- Lower and upper bounds on prices in the mathematical models are driven by short-term marginal 
costs of suppliers and consumers – prices do move below short -run marginal cost because 
suppliers will stop producing and prices should move above the short -term value to consumers 

because then consumers will reduce their demand.  
 
Price trends for differing time periods – trends in average annual prices, average monthly prices, average 

daily prices, or individual hourly prices – are relevant for alternative investment decisions. For example, in 
order to assess an investment in a new run of river hydro generating plant, the trend in annual prices and 
the volatility of prices around the long-run expected trend is the most important consideration in 

evaluating risks and profitability of the investment.  Since the hydro plant’s operation is independent of the 
electricity price (it dispatches as the river flows), patterns of hourly, daily or monthly prices are not less 
important than the average level of annual prices over the expected li fe of the hydro facility.  In contrast to 

the hydro plant, consider a hypothetical decision of whether to sign one of two year purchase contracts.  
The first contract has relatively high energy prices and low capacity prices while the second has lower 
energy prices and higher capacity prices.  For this decision, it is necessary to understand the time pattern 

of prices within a year such as monthly average prices because the risks of fluctuating prices can be 
moderated through paying a higher capacity price.  Finally, think  about the decision to retire a peaking 
plant that is currently operating only a few hours in a year.  To evaluate this disinvestment decision, one 

must understand hourly movements in price whereas the overall annual averages are largely irrelevant 
for the decision.  
 

In reviewing historic prices, data is presented for various different markets with different characteristics in 
different  areas of the world.  The markets include the PJM region, the NEEPOL system and California 
market in the US and national prices for the UK, Argentina and South Korea.  Given the importance of 

alternative price durations for various decisions, trends in annual, monthly, daily and hourly prices are 
reviewed below.  Data sources that are available and used in the historic analysis are described in 
Appendix 1 to this chapter.  The historic price data itself is included in section 2 of the workbook.  

 
Annual Price Trends 
 
Investments made in an electricity generating plants are often expected to last for three decades or more.  
When making such long term investments, one would like to know the general upward or downward 

movement in prices over an extended future period as well as the potential volatility around the long -term 
trend.  Because of the mean reversion in electricity prices related to weather, water flows and other 
factors, short term price analysis is less important for long-term investments since swings in monthly, 

daily or hourly prices tend to balance each other out over the years.  The most relevant historic data in 
assessing the reasonableness of a long-term forecast is an extended series of annual prices. 
 

One problem with evaluating annual average prices for electricity is that a limited history of market 
determined prices is available because of the relatively young age of deregulation.  Some of the markets 
that implemented competition relatively early include the UK pool, the Argentina pool and selected 

markets in the US.  The limited annual price data does illustrate how trends in long -run prices are driven 
by factors that include the level of capacity additions; the pricing of primary fuel; changes in plant 
efficiency; demand growth;  and changes in the structure of the market.  When making a forecast, one 

must account for these factors either implicitly in parameter estimates or through explicit adjustments to a 
model.  It can be argued that making naïve forecasts from historic price data without accounting for 
structural changes in markets has caused tens of billions of dollars of losses in the merchant power 

business.
18
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The first graph below illustrates trends in average annual energy prices for the PJM market since prices 
where initially established using a competitive bid process in 1998.  The PJM region originally covered the 

US states of Pennsylvania, New Jersey and Maryland and has expanded into Ohio, Illinois and other 
States.  The region has limited hydro capacity and the peak load occurs during the summer season.  
Many analysts believe the design of PJM pool in terms of the way prices for day ahead power are 

published, the manner in which installed capacity markets have been implemented and the establishment 
of locational marginal prices is an effective structure as compared to other market designs.  (Effects of 
capacity market structures on energy prices is discussed at length in Chapter 4. )  The graph of annual 

average prices presents both on-peak and off-peak energy prices and reflects real time rather than day-
ahead prices.

19
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In the above graph, the increase in PJM prices that occurred from 1998 to 19 99 was primarily the result of 
supply shortages.  The decrease from 2001 to 2002 was in large part due to demand decreases and new 
capacity additions that came on line in the region.   High price levels in 2003 and 2004 were driven in 

large measure from increases in the price of natural gas and oil.  While swings of $10/MWH that occurred 
in various years represents more than a 20% change in price, the annual price data for PJM energy 
prices is not as volatile as other commodities such as oil and gas shown in the graph that introduces the 

chapter.  The annual average prices for PJM also demonstrate that off -peak prices were not influenced 
much by the capacity and demand changes.   
 

 
 
 
Monthly Price Trends 
 
Monthly price trends shed light on aspects of electric ity prices that are not revealed in the annual average 

price data.  To evaluate monthly price trends, additional graphs are presented for the PJM market and 
average monthly prices are presented for the South Korean market.  Trends in monthly average prices , 
trends in twelve month moving prices and average monthly prices are reviewed.  While the absolute level 
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 Power markets often use on-peak and off-peak categories in making trades because prices have different traits in 
the two time periods.  The peak time is generally defined to be 16 hours beginning at 7:00 AM and ending at 11:00 
PM during weekdays.  Because of this definition of on-peak periods, the units of power bought and sold in the market 
are often referred to as 5 x 16 blocks (5 weekdays multiplied by 16 on-peak hours per day). 
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of prices is presented, prices relative to fuel costs known as spark spreads may me more important to the 
value of plants than the absolute level of prices.  For example, the high monthly prices driven by the price 

of natural gas may be very favorable for coal or hydro plants, but not for combined cycle plants.  
 
 

 
 
The monthly PJM prices in the above graph illustrate how prices in 1999 and 2001 were driven by very 
high prices in the summer period while the prices in 2003-2004 have been higher for virtually all months.  

The summer time price spikes have been less pronounced after 2001 because of capacity additions in 
the eastern region of the US.  Off-peak prices did not exhibit summer price spikes in 1999 and 2001 but 
have followed the general upward trend in fuel price driven increases that has occurred in 2003 and 2004.  

A predominant feature of the monthly average prices other than the price spikes is  the high degree of 
mean reversion.  The graph demonstrates that off-peak prices have a lower boundary. 
 

 

 
 

The twelve month moving average in the above graph shows price levels experienced by consumers and 

producers that are difficult to discern from monthly average prices.  The graph demonstrates that the 
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differential between on-peak and off-peak prices is more than $20/MWH and it demonstrates the average 
annual bill was strongly influenced by the level of price spikes.  The graph illustrates that becaus e of the 

price spikes, mean reversion and influence of fuel prices, the manner in which prices are presented (such 
as spark spreads discussed later on) has a significant effect on the information that is conveyed.  
 

Without price spikes, the question arises as to whether prices are generally higher in the summer time 
when loads increase from air conditioning, whether prices are higher during months in which generating 
plants are down for scheduled maintenance or whether prices are higher during the winter in which loads 

are higher for extended periods of time.  To review these issues, we present  energy prices for the South 
Korean power pool.  This pool is cost-based with separate capacity prices as in Argentina and it was 
established in 2001.  South Korea is a dual peaking system where the summer peak is about the same as 

the winter peak and loads are much more level than those in the US or the UK.  The system consists 
primarily of nuclear, imported coal and LNG capacity and there is surplus capacity in the country. 
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The South Korea monthly average prices demonstrate that prices are low in the summer months when 
little or no capacity is out of service for scheduled maintenance.  Prices are relatively high in the months 

of March, April and May when loads are low but plants are out of service.  Prices are also high in the 
winter months when capacity is available, but the loads remain high throughout the day.  
 
Daily Prices 
 

Daily average prices provide insight into economic factors that drive the movement of electricity prices 
which are not obvious in either the monthly average or the annual average series.  Daily average prices 
are important for some market participants because daily prices are often the basis for transactions (for 

example, 1x16 blocks) and daily averages are often published as price indices.  Two graphs of daily 
average prices are presented below for various market regions of the US which illustrate both patterns in 
prices and the differentials in daily prices caused by transmission constraints.    

 
The first graph presents average on-peak, off-peak and 24-hour prices for the PJM region.  The graph 
demonstrates that the reason monthly price spikes occurred in the above graphs resulted from a few daily 

price spikes rather than prices that were high for an entire month.  Further, the price spikes have been 
exclusively concentrated during on-peak periods.  Since 2001, there were no periods in which prices 
exceeded $100/MWH by a significant margin suggesting that an adequate amount of capacity was bid 

into the market.  As with the monthly price data, average daily prices exhibit a high degree of mean 
reversion where price increases are followed by price declines.  
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The second graph of daily average prices presents on-peak prices for vast regions in the middle of US in 

an area ranging from Detroit to Arkansas.  These prices are published in trade presses for bilateral 
transactions rather than being established by bidding into power pools. (The prices are surveys of 
“marketer firm” power which means there is a commitment to deliver the hourly energy and significant 

financial penalties occur i f the power cannot be received by the purchaser for the hour in question. )  In 
general, daily average prices for bilateral transactions exhibit similar general patterns as the above PJM 
graph with a high degree of mean reversion and extreme price spikes.  By presenting more than one 

region, effects of transmission constraints can be evaluated.  Divergent prices across regions would 
suggest the presence of transmission constraints either in the form of physical limitations on the ability to 
transmit power or economic limitations on making transactions driven by transmission prices.  The graph 

demonstrates that prices across regions have been highly correlated even during price spike periods.  
The data suggests that physical transmission constraints and transmission prices have not had a large 
effect on prices in these regions (transmission issues are discussed extensively in Chapter 8).    
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Hourly Prices  
 
While the average daily and average monthly prices demonstrate the mean reversion and spike 
tendencies of electricity prices, the annual, monthly and daily data masks price boundaries and daily 

volatility of price driven by daily demand patterns.  To investigate price boundaries and price patterns 
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within a day, hourly prices are presented for selected months for the Northeast region of the US (in the 
NEPOOL market).   Prices are shown for summer months in which there were no price spikes as well as 

summer months in which price spikes occurred.  In addition, graphs of hourly prices are shown for 
Autumn months with relatively low load periods.   
 

In later chapters, price levels will be modeled in much shorter time periods than monthly increments.  
Therefore, it is instructive to review historic price movements in hourly increments.  In areas where 
market-clearing prices are traded in power pools such as in Australia, Great Britain, New England, PJM, 

New York and California, hourly data on prices is generally available.  I have used October prices in New 
England to demonstrate how hourly prices move during non-summer months.  Note that the prices in 
1999 during the course of a day generally moved up by about $10/MWH relative to their low value.  In 

some days the prices reached very low levels and the high price for the month of October 1999 was 
about $80/MWH.  
 

New England Hourly Prices in October
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In October of 2000, the prices had the same kind of pattern, but the price levels were significantly higher.  
The reason for the higher prices was in large part due to the fact that prices of natural gas and residual 

fuel more than doubled from 1999 to 2000.  Comparison of 1999 and 2000 demonstrates the importance 
of the price of “primary fuels” on the level of market clearing prices.  
 

New England Prices in October, 2000
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The review of prices in the Southeastern U.S. already has demonstrated that prices behave very 
differently in the summer time period as compared with the non -summer time period.  The graph below 

illustrates the different characteristics of summer prices through plotting the prices for July 1999 in New 
England.    
 

New England Hourly Prices in July
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Unlike the prices in October, the graph of July prices is dominated by a few days in which prices reached 

extreme levels.  In 1999, July prices reached the $500/MWH level for a number of hours while in other 
hours the prices were in the $20-$40/MWH range.  On the other hand, in 2000, the prices did not “spike” 
to the extremely high levels. 

 

 

New England Prices, July 2000 
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The analysis of prices in the summer months illustrates the impact of weather combined with plant 
outages on price levels.  In 1999 the month of July was relatively hot and some of the plants in New 
England were not operating (the Milestone 3 nuclear plant).  On the other hand, in 2000, the weather was 

relatively mild and all of the nuclear units were on line.  
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The idea in this chapter is to provide some general modeling ideas to guide long-term forecasts and to 

describe general economic concepts that can be used in qualitative assessments of risk analysis 
regarding possible price movements.   
 

An essential component of forecasting cash flow involves creating an outlook for value drivers such as 
product prices, quantity sold in an industry, market share, the breakdown between variable and fixed costs 
and the cost of new capital equipment.  

 
 
 

Economic Analysis of Interruptible Rates 
 
Applications of congestion pricing range from paying less for an airline ticket through being a stand -by 

customer at an airline counter to purchasing tickets to a sporting event from scalpers to accepting the 
chance that your electric supply will be interrupted.  The interruptible customer is willing to accept the 
chance that he may not be able to get on an airplane, that he may not be able to get into the sports 

stadium or that he may not be able to receive electricity.  If you are traveling as a standby customer, you 
either are allowed on the plane or you are not allowed on the plane depending on the capacity status of 
the flight.  If you purchase interruptible power, you either receive power during a constrained time period 

or you don’t depending on the demand and supply of power.     
 
Working through the economics of interruptible electricity addresses the relationship between costs of 

constructing new capacity, the cost of new capacity and the equilibrium optimal amount of cap acity that 
should be present in a market.  The price discounts that are required for interrupted power can be also be 
used to explain price spikes that occur during high demand periods in competitive markets.  Periods of 

interruption are those in which capacity is fully utilized without a price incentive for customers to reduce 
their usage.  The exercise of determining equilibrium interruptible rates  is a practical application of 
congestion pricing.  Some of the implications of computing required capacity from interruptible rates  

include:  
 
(1) The economic level of capacity in a market is  driven by the marginal opportunity cost that  

consumers experience during power interruptions relative to the incremental cost of building new 
peaking capacity. 

 

(2) The level of market capacity is driven to a significant degree by the demand responsiveness of 
customers with respect to their willingness to accept demand reductions at different prices.  

 

(3) The cost of constructing new capacity – the supply side of the interruptible rate analysis -- is  
driven in large part by the carrying charge applied to the construction cost of the plants.  

 

(4) The economic analysis of interruptible rates is most relevant through adding uncertainty to the 
analysis with respect to the probable number of interrupted hours.  

 

(5) The number of interrupted or reliable hours in the analysis can be used to evaluate the implicit 
assumptions in more traditional reserve margin and loss of load probability criteria.  

 

Assumptions and Definitions  
 
In constructing the economic analysis of interruptible rates, the first step is to establish demand and 

supply schedules of how quantity supplied and demanded would change at different prices. Once supply  
and demand schedules established, equilibrium price and quantity can be determined.  Defining the units 
of measurement for quantity and the price as well as the drivers of demand and supply at the outset  

clarifies the analysis and allows interruptible rates to be evaluated by simple review of a graph.  To begin,  
assume that the analysis deals with a fixed amount of power at with varying amounts of interrupted 
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different hours in an annual period.  For example, say the amount of power is one megawatt. The analysis 
would then address how many interruptible hours would occur in a year and what the interruptible rate 

would be to result in the equilibrium interruptible hours.  The fixed amount of power (i.e., one megawatt) 
can be assumed because there are only two groups and two products during congested periods, those 
who do receive power and those who do not receive power.  The “product” and the price discount for 

interruption is the same for the first megawatt as it is for the thousandth megawatt in a particular hour.  
 
Units of Supply, Demand and Price  

 
There are two products that are implicitly purchased by consumers during congested periods, either recipt  
of power or interruption.  The price of reliable power is the price difference for the two products -- the price 

discount for being willing to be in the group of customers who get interrupted is the same as a premium 
price for assuring that reliable power will be delivered during the constrained times.  Since quantity is 
expressed in number of hours during constrained periods, price can be expressed in dollars per hour 

($/MWH).  Pricing on an hourly basis contrasts with the manner in which discounts for interruption are 
generally expressed in utility tariffs, where price discounts are measured in dollars per kW per month.   
However, if the number of hours of interruption were known, the p rice in dollars per kW per month could 

simply be divided by the expected number of interruption hours to restate the price in terms of dollars per 
kWh or dollars per MWH.  For example, if the interruption discount is $15/kW/Month and there are 5 
expected hours of interruption, the price is $3/kWh – 15 dollars divided by 5 hours multiplied -- or 

$3,000/MWH if kilowatts are converted to megawatts.  This type of conversion of prices expressed in 
monthly or annual units ($/kW/Year or $/kW/Month) to prices expressed on an hourly basis ($/MWH) are 
often made throughout the book and in the electricity generation industry.  

 
The quantity scale for supply -- expressed as the number of hours in a specified time period for the 
defined amount of power – could be expressed as either interrupted hours or reliable hours.  If interrupted 

hours are used in presenting demand and supply, the item being purchased – interruptible power – has 
negative value.  Using reliable hours, the quantity is equivalent to the total number of hours in a period 
less the hours of interruption.  I use interrupted hours as the quantity definition below because the number 

of outage hours can be equated to measures such as reserve margin and loss of load probability.  
 
The Demand for Reliable Power  

 
The demand schedule for reliable power measures the amount  that customers are willing to pay under 
different expected levels of outage hours.  For example, i f there were only one hour of expected outage – 

because a relatively high level of capacity currently exits -- the amount customers would pay to avoid the 
single hour of outage may relatively small.   In this case, many residences and businesses could incur on 
hour outage with a relatively small disruptions in business activity or lifestyle.  However, as the expected 

number of interruption hours increase, the amount that customers would be willing to pay to incur the 
outage will likely increase.  
 

If units of price on the vertical axis of a graph are expressed as price per MWH and the horizontal axis 
measures the quantity in terms of the number of reliable hours than the demand curve has a traditional 
downward slope.  The greater the amount of reliable hours, the less one would pay in $/MWH to avoid an 

outage.  If the number outage hours requires that business will be interrupted for half of the hours in a 
month, the price discount for accepting interruption would have to be very high.  In terms of a formula,  
demand for reliable power can be represented as: 

 
Demand for Reliable Power = Constant + Price Elast icity x Price of Reliable Power 
 

In the above formula, the higher the price of obtaining reliable power, all else equal, the lower the quantity 
demanded.  The above equation is difficult to estimate using regression analysis because of the lack of 
data.  However, survey data developed in the industry and discussed in Chapter 4 suggest that customers 

will pay anywhere from $100/MWH to $10,000/MWH to avoid an additional hour of outage depending on 
the type of customer.  For the equilibrium analysis below, I assume that i f only one hour of outage occurs  
in a year, the price is $100/MWH while if 20 hours of interruption, the price increases to $10,000/MWH.   
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In supply and demand analysis, the demand and supply could be of a single customer of for an entire 

market.  Our analysis is of an entire market and we are establishing the total amount of capacity required 
in a market.  Therefore, the demand schedule considers the average amount of firm power for all  
customers in a market rather than a single individual customer.  The market demand curve sums the 

quantity demanded across many individual customers at different prices.  Therefore, even if a single 
customer had an inelastic demand curve that does not vary with the price, once different customers are 
summed across the quantity axis, the market demand curve will still have a downward slope.  

 
The Supply of Reliable Power  
 

On the supply side of the interruptible rate analysis, the marginal cost of providing reliable power can be 
defined as the minimum cost method of providing reliable capacity during congested periods.  The amount  
of hours during a year that congestion is expected to occur should be relatively small.  Therefore, the 

variable costs of running a plant are not very high relative to the recovery of capital cost.  This means it is 
reasonable to approximate the supply curve for reliable hours with the cost of a peaking plant such as a 
combustion turbine facility.    

 
To illustrate the supply curve for reliable power, assume that the costs are being expresse d in terms of 
dollars per MWH.  Further assume that the quantity is expressed in reliable hours per year.  For example,  

the cost to supply one additional reliable hour in a year measured on a dollars per MWH basis is the total 
carrying charge of a plant per MW for the year plus the fixed operating costs divided the one hour of 
operation.  The fuel and variable costs for operating the plant for that hour must be added to the fixed 

cost.  The cost of providing supply to provide two added hours of reliable supply is the fixed cost divided 
by two rather than one hour, plus the variable costs.  In terms of a formula, the supply curve can be 
represented as:  

 
Cost of Supply per MWH =  
 (Capital Recovery + Fixed O&M)/Expected Hours +  

 Variable O&M/MWH +  
 Fuel Cost per MWH.  
 

Through making some relatively simple assumptions, the supply curve can be illustrated.  Assume the 
cost of a peaking plant is $350/kW, the heat rate is 11,000 BTU/kWh, the fuel cost is $2.75/MMBtu, the 
variable O&M cost is $3/MWH and the fixed operation and maintenance cost is $5/kW/Year.  The capital 

cost of $350/kW/year is converted to an annual number using an economic capital recovery rate adjusted 
for inflation and economic oblescence of 11.4%. (The section below describes issues associat ed with real 
carrying charges.)  The annual capital cost is $350 multiplied by 11.4% or $40/kW/Year.  If there are 20 

hours of interruption in a year, this capital cost is equivalent to $2,000/MWH ($40/kW/Year x 1,000/20.)  
This is far higher than the variable costs – fuel and variable O&M -- of $33.25/MWH.  Including the fixed 
operation and maintenance cost, the total supply cost is $2,283/MWH.

20
   If the hours of interruption 

increase to 40, the supply cost per hour declines to $1,158/MWH.  This simple example demonstrates  
how costs change significantly as the number of reliable hours change.   
 

Equilibrium Analysis 
 
The illustrative example above uses the demand and supply schedules to establish an equilibrium price.   

The hypothetical analysis below suggests that in equilibrium, the number of outage hours in the market is  
about 11 hours, and the price for firm power is about $4,000 per MWH.  The sensitivity of these numbers  
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 The calculat ion involves multiply ing the $350/kW by 1000 to translate the figures into megawatts and then 

multip lying the product by the carrying charge rate of 11.4%.  This number of $40,000 div ided by 20 hours 

produces the figure of $2,000/MWH.  To this, the fixed cost of $5/kW is added which translates to a cost of 

$250/MWH (5 x 1000/20.)  The variab le costs are computed as the heat rate of 11,000 multiplied by the fuel cost of 

$2.75 to yield a fuel expense per MWH of $30.25/MWH. Adding the variable O&M of $3/MWH yields a total cost 

of $33.25/MWH.   
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to demand and cost drivers depends on the shape of the demand curve.  For example, i f the cost of a 
peaking plant changes, this shifts the supply curve and means a different market clearing level of capacity 

is implied.  In terms of demand, i f the effective price for interruptible power is set too high or too low, there 
will be a surplus or deficit in capacity relative to the optimum level.  
 

 

 

Once the supply cost and the demand schedules for reliable power are established, we are ready to 

evaluate the equilibrium quantity of capacity and the equilibrium price.  The market clearing level o f 
interrupted hours in this analysis can then be translated into total capacity in the market because the 
interruptible hours are part of the loss of load probability formula.  Loss of load probability can be defined 

as the interruption hours divided by the total hours.  The greater the amount of capacity the lower the 
number of hours of interruption.  After translation of interruption hours to capacity, the analysis of 
interruptible rates can be used to evaluate traditional reliability criteria such as a one day in ten year loss 

of load probability and/or a 15% reserve margin.  
 
Interruptible Rate Analysis and Equilibrium Capacity  

  
The interruptible analysis has a number of implications that are central to the economics of electric power.   
First, the simple hypothetical example shows how prices can reach very high levels in congested periods.  

Second, the demand response of customers must be considered in developing equilibrium rates.  Third,  
administrative criteria such as a reserve margin or a loss of load probability are not relevant to analysis of 
competitive markets.  Fourth, since the number of reliable hours is a stochastic rather than a deterministic 

variable (i.e. it is random and cannot be known with certainty), variability and volatility significa ntly impacts 
capacity expansion and electricity economics.  These are all subjects of later chapters.  
 

The economic analysis of interruptible rates can be used to evaluate the impacts of traditional 
administrative rules that capacity should be constructed to meet a “one day in ten years loss of load 
criteria.”  Because there are 24 hours in a day, the one day in ten years is equivalent to an outage rate of 

2.4 hours per year.  Given the cost of constructing peaking capacity, the implied price per MWH for 
reliable hours can be determined.  Using the cost assumptions discussed above for a combustion turbine,  
this results in the following formula:  

 
Implied Price/MWH  = (Fixed Cost)/2.4 Hours + Variable Cost  

 

The fixed cost is $13,958/MWh for 2.4 hours and the variable cost is $39/MWH, implying a total cost of 
$13,996/MWh.  This means if one believes the one day in ten rule is an appropriate reliability criteria, we 
believe the value of power during 2.4 hours of outage is about  $14,000/MWH.  The $1,000/MWh price 

spikes don’t seem so high in this context. 
 
This analysis addresses a central issue relating to whether or not competitively determined prices can 

reach equilibrium and at the same time produce a reliable electric system.  Some argue that competitive 
prices cannot result in an adequate level of reliability for a crucial service such as electricity and that  
competition on the wholesale level has in fact primarily been a matter of “free -riding” on reliability.  There 

are reasonable issues regarding whether metering technology can differentiate customers in the 
interrupted group from customer in the reliable supply group.  Further, some can argue that no level of 
interruption is acceptable for a service as essential as electricity.  If prices must be regulated to ensure 

reliability, then discussion of allowing markets to operate to produce optimal investment and customer 
benefits cannot be serious.  As soon as regulation is introduced into a portion of the system, distortions in 
the market occur.  Therefore, the analysis of whether a price can be established for reliability – through 

interruptible rates – is important to the remainder of the text. 
 
 


